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Wkhuh kdv ehhq d orqj ghedwh lq wkh olwhudwxuh rq zkdw vkrxog eh wkh rswl0
pdo lq dwlrq wd{/ iru dq hfrqrp| zkhuh wkh jryhuqphqw kdv wr qdqfh sxeolf
h{shqglwxuhv wkurxjk glvwruwlrqdu| wd{dwlrq1 Iulhgpdq +4<9<, vkrzv wkdw/
lq d uvw0ehvw hqylurqphqw zkhuh oxps0vxp wd{hv duh dydlodeoh wr wkh jry0
huqphqw/ wkh rswlpdo prqhwdu| srolf| kdv wr dfklhyh d }hur qrplqdo lqwhuhvw
udwh +d }hur lq dwlrq wd{, ru d gh dwlrq udwh htxdo wr wkh glvfrxqw udwh ri wkh
hfrqrp|1 Skhosv +4<:6, fulwlfl}hv wklv uhvxow e| dujxlqj wkdw jryhuqphqwv
kdyh rqo| dffhvv wr glvwruwlrqdu| wd{hv dqg e| fodlplqj wkdw/ lq d vhfrqg0
ehvw hqylurqphqw/ lw lv jhqhudoo| rswlpdo wr vhw d srvlwlyh lq dwlrq wd{1 Odwhu
zrunv e| Nlpeurxjk +4<;9,/ Fkdul/ Fkulvwldqr dqg Nhkrh +4<<9,/ Fruuhld
dqg Whohv +4<<9/ 4<<;,/ dqg Gh Ilruh dqg Whohv +4<<<, kdyh ryhufrph wklv
uhvxow dqg kdyh vkrzq wkdw wkh Iulhgpdq uxoh lv rswlpdo xqghu jhqhudo frq0
glwlrqv/ hyhq zkhq wkh jryhuqphqw fdq rqo| qdqfh h{shqglwxuhv wkurxjk
glvwruwlrqdu| wd{dwlrq1
Rwkhu dujxphqwv kdyh ehhq vxjjhvwhg lq wkh olwhudwxuh wr mxvwli| d srvl0
wlyh lq dwlrq wd{ lq d  h{leoh sulfhv hqylurqphqw1 Rqh iuhtxhqwo| dgyrfdwhg
uhdvrq wr ghyldwh iurp wkh Iulhgpdq uxoh lv wkh suhvhqfh ri wd{ froohfwlrq
frvwv1 Lw lv dujxhg wkdw wkhuh lv dq lpsruwdqw glhuhqfh ehwzhhq wkh lq dwlrq
wd{ dqg rwkhu glvwruwlrqdu| vfdo lqvwuxphqwv1 Lq idfw/ zkloh udlvlqj uhyhqxh
iurp wkh iruphu lv frvwohvv/ udlvlqj uhyhqxh iurp wkh odwwhu lqyroyhv vxevwdq0
wldo frvwv/ gxh wr wkh exughq ri rujdql}lqj d wd{ v|vwhp/ wr wkh srvvlelolw| ri
hydvlrq dqg wr wkh fruuhvsrqglqj qhfhvvlw| ri hqirufhphqw1 Dl}hqpdq +4<;:,
dqg Yìjk +4<;<e, fodlp wkdw/ zkhq wkh suhvhqfh ri froohfwlrq frvwv lv df0
frxqwhg iru/ wkh rswlpdo lq dwlrq wd{ lv dozd|v srvlwlyh1 Krzhyhu/ wkh| gr
qrw txdqwli| wkh h{whqw wr zklfk rswlpdo prqhwdu| srolf| vkrxog ghyldwh
iurp Iulhgpdq*v suhvfulswlrq ri }hur qrplqdo lqwhuhvw udwhv1
Wklv sdshu uhfrqvlghuv wkh lpsruwdqfh ri wkh froohfwlrq frvwv dujxphqw
lq jhqhudwlqj rswlpdo ghyldwlrqv iurp wkh Iulhgpdq uxoh/ erwk iurp d wkhr0
uhwlfdo dqg dq hpslulfdo shuvshfwlyh1
Wkh uvw sduw ri wkh sdshu suhvhqwv d jhqhudo wudqvdfwlrqv whfkqrorj|
prgho/ zkhuh jryhuqphqw h{shqglwxuhv duh qdqfhg wkurxjk uhyhqxhv iurp
wkh lq dwlrq wd{ dqg iurp dq dowhuqdwlyh wd{ wkdw lv frvwo| wr froohfw1 Lw lv
vkrzq wkdw wkhuh duh frqglwlrqv xqghu zklfk wkh Iulhgpdq uxoh lv rswlpdo
ghvslwh wkh suhvhqfh ri froohfwlrq frvwv1 Zkhq wkhvh frqglwlrqv duh qrw vdw0
lvhg/ wkh rswlpdo lq dwlrq wd{ lv vkrzq wr ghshqg xsrq wkh froohfwlrq frvw
vfkhgxoh/ dv zhoo dv wkh lqwhuhvw hodvwlflw| ri prqh| ghpdqg/ wkh frqvxpswlrq
hodvwlflw| ri prqh| ghpdqg/ dqg wkh frpshqvdwhg oderu vxsso| hodvwlflw|1
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frvwv duh lq ghwhuplqlqj wkh rswlpdo lq dwlrq wd{ lq wkh Xqlwhg Vwdwhv1 Wkh
qxphulfdo uhvxowv rewdlqhg zlwklq wkh fdoleudwhg prgho vkrz wkdw wkh rswl0
pdo lq dwlrq wd{ lv qrw yhu| vhqvlwlyh wr glhuhqw dvvxpswlrqv1 Xqghu wkh
prvw xqidyrxudeoh fdvh/ zkhuh doo froohfwlrq frvwv duh yduldeoh frvwv/ pdujlqdo
froohfwlrq frvwv duh lqfuhdvlqj/ dqg wd{ froohfwlrq uhtxluhv wkurzlqj dzd| 53
shufhqw ri wrwdo jryhuqphqw uhyhqxhv/ wkh frpsxwhg rswlpdo lq dwlrq wd{
uhpdlqv ehorz rqh shufhqwdjh srlqw1 Wkhvh uhvxowv vxjjhvw wkdw wkh suhvhqfh
ri froohfwlrq frvwv grhv qrw mxvwlhv vxevwdqwldo ghyldwlrqv iurp Iulhgpdq*v
suhvfulswlrq1
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Wkhuh kdv ehhq d orqj ghedwh lq wkh olwhudwxuh rq zkdw lv wkh rswlpdo lq0
 dwlrq wd{/ iru dq hfrqrp| zkhuh wkh jryhuqphqw kdv wr qdqfh sxeolf h{0
shqglwxuhv e| froohfwlqj uhyhqxhv iurp glvwruwlrqdu| wd{hv1 Iulhgpdq +4<9<,
vkrzv wkdw/ lq d uvw0ehvw hqylurqphqw zlwk oxps0vxp wd{hv/ wkh rswlpdo
prqhwdu| srolf| kdv wr dfklhyh d }hur qrplqdo lqwhuhvw udwh +d }hur lq dwlrq
wd{, ru d gh dwlrq udwh htxdo wr wkh glvfrxqw udwh ri wkh hfrqrp|1 Skhosv
+4<:6, fulwlfl}hv wklv uhvxow e| dujxlqj wkdw/ lq d vhfrqg0ehvw hqylurqphqw
zkhuh wkh jryhuqphqw kdv rqo| dffhvv wr glvwruwlrqdu| wd{hv/ wkh rswlpdo
lq dwlrq wd{ lv dozd|v srvlwlyh1 Wkh dxwkru rewdlqv wklv uhvxow e| xvlqj wkh
rswlpdo wd{dwlrq dssurfk ri Udpvh| +4<5:,/ zklfk doorzv wr ghulyh wkh rswl0
pdo frpelqdwlrq ri dg0ydoruhp wd{ udwhv rq frvwo| qdo jrrgv1 Lq olqh zlwk
Udpvh|/ Skhosv qgv wkdw rswlpdo dg0ydoruhp wd{ udwhv duh sursruwlrqdo wr
hdfk jrrg*v sulfh hodvwlflw| dqg wkxv kh frqfoxghv wkdw lw lv jhqhudoo| rswlpdo
wr wd{ prqh|1 Odwhu zrunv e| Nlpeurxjk +4<;9,/ Jxlgrwwl dqg Yìjk +4<<6,/
dqg Fkdul/ Fkulvwldqr dqg Nhkrh +4<<9, kdyh fkdoohqjhg Skhosv* frqfoxvlrqv
e| vkrzlqj wkdw/ xqghu fhuwdlq frqglwlrqv rq zkdw dowhuqdwlyh wd{ wr lq d0
wlrq lv dydlodeoh dqg rq hlwkhu suhihuhqfhv ru wkh wudqvdfwlrqv whfkqrorj|/ wkh
Iulhgpdq uxoh lv dovr rswlpdo lq d vhfrqg0ehvw hqylurqphqw1 Pruh uhfhqwo|/
Fruuhld dqg Whohv +4<<9/ 4<<;, dqg Gh Ilruh dqg Whohv +4<<<, kdyh vkrzq
wkdw wkh Iulhgpdq uxoh lv rswlpdo xqghu jhqhudo frqglwlrqv1 Dq lqwxlwlyh
h{sodqdwlrq iru wkh urexvwqhvv ri wkh Iulhgpdq uxoh lv wkdw wkh lq dwlrq wd{
lv d xqlw wd{ rq d frvwohvv jrrg1 Hyhq wkrxjk wkh rswlpdo dg0ydoruhp wd{
rq uhdo edodqfhv lv jhqhudoo| srvlwlyh/ wkh rswlpdo xqlw wd{ rq prqh| lv }hur
ehfdxvh wkh frvw ri surgxflqj prqh| dssurdfkhv }hur1
Rwkhu dujxphqwv kdyh ehhq dgyrfdwhg wr mxvwli| d srvlwlyh lq dwlrq wd{1
Yìjk +4<;<d, vkrzv wkdw wkh suhvhqfh ri fxuuhqf| vxevwlwxwlrq jhqhudwhv d
srvlwlyh rswlpdo lq dwlrq wd{1 Zkhq iruhljq prqh| fdq dovr eh xvhg wr uhgxfh
wudqvdfwlrqv frvwv/ d srvlwlyh iruhljq lqwhuhvw udwh dfwv dv d wd{ rq frqvxps0
wlrq dqg wkxv lw glvwruwv wkh frqvxpswlrq0ohlvxuh fkrlfh1 Lq wklv fdvh/ wkh
jryhuqphqw vkrxog sduwo| rvhw wklv glvwruwlrq e| vhwwlqj d srvlwlyh grphvwlf
lqwhuhvw udwh dqg e| vxevlgl}lqj frqvxpswlrq1 Qlfrolql +4<<;, qgv wkdw d
srvlwlyh rswlpdo lq dwlrq wd{ dovr dulvhv lq wkh suhvhqfh ri dq xqghujurxqg
hfrqrp|/ vlqfh lq dwlrq lv wkh jryhuqphqw*v rqo| lqvwuxphqw deoh wr wd{ wklv
vhfwru1 Dl}hqpdq +4<;:, dqg Yìjk +4<;<e, dujxh wkdw lq dwlrqdu| qdqfh
fdq dovr eh mxvwlhg e| wkh suhvhqfh ri wd{ froohfwlrq frvwv1 Zkloh froohfwlqj
wkh lq dwlrq wd{ lv d frvwohvv surfhvv/ wkhuh duh vxevwdqwldo frvwv dvvrfldwhg
zlwk froohfwlrq ri doo rwkhu wd{hv/ gxh wr wkh exughq ri rujdql}lqj d froohf0
wlrq v|vwhp/ wkh srvvlelolw| ri hydvlrq/ dqg wkh fruuhvsrqglqj qhfhvvlw| ri
hqirufhphqw1 Zkhq wkhvh frvwv duh dffrxqwhg iru/ wkh rswlpdo lq dwlrq wd{
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rswlpdo prqhwdu| srolf| vkrxog ghyldwh iurp Iulhgpdq*v suhvfulswlrq ri }hur
qrplqdo lqwhuhvw udwhv1
Wklv sdshu uhfrqvlghuv wkh lpsruwdqfh ri froohfwlrq frvwv lq mxvwli|lqj
ghyldwlrqv iurp wkh Iulhgpdq uxoh/ erwk iurp d wkhruhwlfdo dqg dq hpslulfdo
shuvshfwlyh1
Lq wkh uvw sduw ri wkh sdshu/ L vhw xs d jhqhudo wudqvdfwlrqv whfkqrorj|
prgho/ zkhuh jryhuqphqw h{shqglwxuhv duh qdqfhg wkurxjk uhyhqxhv iurp
wkh lq dwlrq wd{ dqg iurp dq dowhuqdwlyh wd{ wkdw lv frvwo| wr froohfw1 Lq wkh
olplwlqj fdvh zkhuh vdwldwlrq lv dwwdlqhg dw dq duelwudulo| odujh ohyho ri uhdo
edodqfhv/ wkh Iulhgpdq uxoh lv vkrzq wr eh rswlpdo iru dq| ohyho ri froohfwlrq
frvwv dqg iru dq| dvvxpswlrq rq wkh froohfwlrq frvw vfkhgxoh1 Wklv uhvxow
dulvhv/ iru lqvwdqfh/ iru vshflfdwlrqv ri wkh wudqvdfwlrqv whfkqrorj| dv ghulyhg
e| Edxpro +4<85, ru Wrelq +4<89, zlwklq wkhlu prgho ri wkh djhqwv* fdvk
pdqdjhphqw sureohp1 Zkhq vdwldwlrq rffxuv dw d qlwh ohyho ri uhdo edodqfhv/
wkh Iulhgpdq uxoh pd| vwloo eh rswlpdo/ xqghu uhvwulfwlyh dvvxpswlrqv rq wkh
wudqvdfwlrqv frvwv whfkqrorj|1 Ilqdoo|/ zkhq wkh frqglwlrqv xqghu zklfk wkh
Iulhgpdq uxoh lv rswlpdo duh qrw vdwlvhg/ wkh rswlpdo lq dwlrq wd{ lv vkrzq
wr ghshqg xsrq wkh froohfwlrq frvw vfkhgxoh/ dv zhoo dv wkh lqwhuhvw hodvwlflw|
ri prqh| ghpdqg/ wkh frqvxpswlrq hodvwlflw| ri prqh| ghpdqg/ dqg wkh
frpshqvdwhg oderu vxsso| hodvwlflw|1
Lq wkh vhfrqg sduw ri wkh sdshu/ L dvvhvv krz lpsruwdqw froohfwlrq frvwv duh
lq ghwhuplqlqj wkh rswlpdo lq dwlrq wd{ lq wkh Xqlwhg Vwdwhv1 Wkh qxphulfdo
uhvxowv rewdlqhg zlwklq wkh fdoleudwhg prgho vkrz wkdw wkh rswlpdo lq dwlrq
wd{ lv qrw yhu| vhqvlwlyh wr glhuhqw dvvxpswlrqv1 Pruhryhu/ wkh frpsxwhg
ydoxhv qhyhu h{fhhg 4 shufhqw/ vxjjhvwlqj wkdw wkh suhvhqfh ri froohfwlrq frvwv
grhv qrw mxvwli| vxevwdqwldo ghyldwlrqv iurp wkh Iulhgpdq uxoh1
Wkh sdshu surfhhgv dv iroorzv1 Lq vhfwlrq 5/ L suhvhqw d vkrsslqj wlph
prgho/ zkhuh wkh dowhuqdwlyh wr lq dwlrq lv d wd{ wkdw lv frvwo| wr froohfw1 Lw
lv uvw dvvxphg wkdw wkh dowhuqdwlyh vfdo lqvwuxphqw lv dq lqfrph wd{/ dqg
wkdw pdujlqdo froohfwlrq frvwv duh lqfuhdvlqj zlwk wkh dprxqw ri uhyhqxhv
froohfwhg1 Lq vhfwlrq 6/ L frqvlghu glhuhqw vshflfdwlrqv ri wkh prgho dqg L
vkrz wkdw wkhvh vshflfdwlrqv gr qrw dhfw wkh frqglwlrqv xqghu zklfk wkh
Iulhgpdq uxoh lv rswlpdo> wkh fdvh ri frqvwdqw pdujlqdo froohfwlrq frvwv lv
suhvhqwhg lq vhfwlrq 614/ zkloh wkh fdvh zkhuh wkh dowhuqdwlyh wd{ lqvwuxphqw
lv d frqvxpswlrq wd{ lv suhvhqwhg lq vhfwlrq 6151 Lq vhfwlrq 7/ L dqdo|}h
wkh ghwhuplqdqwv ri wkh rswlpdo lq dwlrq wd{/ zkhq wkh Iulhgpdq uxoh lv
qrw rswlpdo1 Lq vhfwlrq 8/ L suhvhqw hylghqfh rq wkh prqh| ghpdqg/ wkh
uhohydqw hodvwlflwlhv dqg wkh wd{ froohfwlrq v|vwhp lq wkh Xqlwhg Vwdwhv1 Wkhq/
L fdoleudwh wkh prgho xqghu glhuhqw dvvxpswlrqv dqg L frpsxwh wkh rswlpdo
lq dwlrq wd{ lq hdfk fdvh1 Lq Vhfwlrq 9/ L frqfoxgh1
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Wkh prgho exlogv rq Nlpeurxjk +4<;9,/ Jxlgrwwl dqg Yìjk +4<<6,/ Fkdul/
Fkulvwldqr dqg Nhkrh +4<<9,/ dqg Fruuhld dqg Whohv +4<<9,/ wkh pdlq gli0
ihuhqfh ehlqj wkh suhvhqfh ri frvwv lq froohfwlqj uhyhqxhv iurp wkh lqfrph
wd{1 Wkh vhwxs lv pruh jhqhudo wkdq lq Yìjk +4<;<, lq wkdw qr uhvwulfwlrq
lv lpsrvhg hlwkhu rq wkh ghjuhh ri krprjhqhlw| ri wkh wudqvdfwlrqv whfkqro0
rj| ru rq wkh ohyho ri vdwldwlrq lq uhdo prqh| edodqfhv1 Yìjk +4<;<, rqo|
frqvlghuv wkh fdvh zkhq wkh dowhuqdwlyh wr lq dwlrq lv d wd{ rq frqvxpswlrq1
Lq wklv sdshu/ lw lv uvw dvvxphg wkdw wkh dowhuqdwlyh wr lq dwlrq lv d wd{
rq lqfrph1 Wklv surylghv d frqyhqlhqw ehqfkpdun ehfdxvh/ zkhq froohfwlrq
frvwv duh }hur/ wkh prgho froodsvhv wr wkh rqh lq Fruuhld dqg Whohv +4<<9,
dqg wkh Iulhgpdq uxoh lv dozd|v rswlpdo14 Wkh fdvh zkhq wkh dowhuqdwlyh wr
lq dwlrq lv d wd{ rq frqvxpswlrq lv vxevhtxhqwo| dqdo|}hg wr vkrz wkdw wkh
fkrlfh ri wkh dowhuqdwlyh vfdo lqvwuxphqw lv qrw uhohydqw iru wkh uhvxowv1
Wkh hfrqrp| lv lqkdelwhg e| d odujh qxpehu ri lghqwlfdo lqqlwho| olyhg





zkhuh S| lv frqvxpswlrq/ | lv ohlvxuh/ q lv wkh glvfrxqw idfwru/ dqg wkh xvxdo
dvvxpswlrqv rq wkh xwlolw| ixqfwlrq dsso| Wkh uhsuhvhqwdwlyh djhqw lv hq0
grzhg zlwk rqh xqlw ri wlph/ zklfk fdq eh xvhg lq wkuhh glhuhqw dfwlylwlhv=
ohlvxuh/ / oderu/ ?c dqg vkrsslqj/ r1
Vkrsslqj uhtxluhv wlph/ dv ghvfulehg e| d wudqvdfwlrqv frvwv whfkqrorj|5
wkdw lv dvvxphg wr eh krprjhqhrxv ri ghjuhh & G







Khuh r| lv wlph vshqw vkrsslqj/ 6| ' |*| duh uhdo prqh| kroglqjv/ |
duh qrplqdo prqh| kroglqjv/ dqg | lv wkh sulfh ohyho lq whupv ri wkh frq0
vxpswlrq jrrg1 Iru frqyhqlhqfh/ L dgrsw wkh qrwdwlrq E|'ES|c |c
% E|'% ES|c |c,E|',ES|c6 |c dqg ,% E|',% ES|c6 |c zkhuh wkh vxe0
vfulsw % ghqrwhv wkh ghulydwlyh ri wkh ixqfwlrq zlwk uhvshfw wr wkh dujxphqw
%1 Wkh iroorzlqj dvvxpswlrqv rq wkh wudqvdfwlrqv whfkqrorj| duh pdgh=
4Wkh wlplqj dvvxphg khuh lv glhuhqw1 Krzhyhu/ wklv glvwlqfwlrq lv qrw lpsruwdqw iru
wkh dqdo|vlv1
5Fruuhld dqg Whohv +4<<<, vkrz wkdw d prqhwdu| prgho zlwk d wudqvdfwlrq ixqfwlrq
wkdw lv krprjhqhrxv ri dq| ghjuhh lv lvrprusklf wr d prgho zlwk prqh| lq wkh xwlolw|
ixqfwlrq/ zkhq wkh vdwldwlrq srlqw lq uhdo edodqfhv kdv d xqlwdu| hodvwlflw| zlwk uhvshfw wr
frqvxpswlrq1 Wkh uhvxowv rewdlqhg lq wklv vhfwlrq zrxog wkhuhiruh h{whqg wr wkdw fodvv ri
prghov1
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G $ -nc -n( u￿ E|  f( u￿￿ E|  f Wklv lpsolhv wkdw
,S E|  fc, 6 E|  fc, 66 E|  f1 Doo wkhvh sduwldo ghulydwlyhv duh
frqwlqxrxv1
ll1 &  f
lll1 ,E| lv vxfk wkdw wkh frqvxphu*v sureohp lv frqfdyh1
L ghqh wkh vdwldwlrq srlqw lq uhdo edodqfhv 6
S dv wkh srlqw zkhuh lw lv qrw






Dvvxpswlrqv  uhtxluhv wudqvdfwlrqv wlph wr eh qrq0qhjdwlyh/ lqfuhdvlqj
lq wkh dprxqw ri frqvxpswlrq dqg ghfuhdvlqj lq wkh dprxqw ri prqh| edo0
dqfhv1 Dovr/ lqfuhdvhv lq uhdo prqh| edodqfhv ghfuhdvh vkrsslqj wlph dw d gh0
fuhdvlqj udwh1 Dvvxpswlrq  lv pdgh ehfdxvh rwkhuzlvh ,S E| zrxog eh qhjd0
wlyh dw vdwldwlrq/ iru d vxevhw ri wkh fodvv ri wudqvdfwlrqv whfkqrorjlhv Lq idfw/





Dw vdwldwlrq/ 6u￿ E|'f 6 Zkhq uE| lv vwulfwo| srvlwlyh dw vdwldwlrq/ lw pxvw
eh wkdw &  f iru ,S qrw wr ehfrph qhjdwlyh1
Wkh surgxfwlrq whfkqrorj| wudqvirupv rqh xqlw ri oderu lqwr rqh xqlw ri
wkh jrrg1 Dw hdfk shulrg |c wkh frqvxphu*v wlph frqvwudlqw lv jlyhq e|
| n ?| n r| '  +6,
L dvvxph wkdw lqlwldo qrplqdo zhdowk lv }hur/ ru wkdw 3￿nE n 3￿3￿ 'f 7
Wkh vhtxhqfh ri exgjhw frqvwudlqwv lv wkhq jlyhq e|
f n f  fc +7,
|S| n|n￿ n|n￿  | nEn|| n| E  |E |  r|c|  fc +8,
zkhuh | duh kroglqjv ri prqh| fkrvhq dw wkh ehjlqqlqj ri |c wr eh xvhg
wr qdqfh wudqvdfwlrqv lq wkdw shulrg/ dqg | lv wkh dprxqw ri rqh0shulrg
6Zkhq p lv qlwh/ pO3 p
f

@3ehfdxvh op +f>p,  O3 p
f







@3ehfdxvh lw lv uhdvrqdeoh wr dvvxph wkdw vhljqrudjh/ ghqhg dv
V @ lp> lv }hur zkhq l> wkh xqlw wd{ rq prqh|/ lv dovr }hur1 Lq idfw/ lq htxloleulxp/
l @ +4  ,op+f>p,@+4  ,O3 p
f

fn￿4> zkhuh  lv wkh wd{ rq lqfrph1 Lw iroorzv











7Li wklv zdv qrw wkh fdvh/ wkh jryhuqphqw zrxog kdyh dq lqfhqwlyh wr vhw S3 duelwudulo|
odujh/ dqg wkdw zd| wr ixoo| ghvwur| wkh uhdo ydoxh ri rxvwdqglqj oldelolwlhv1 Krzhyhu/
lw zrxog vwloo kdyh wr xvh glvwruwlrqdu| wd{hv lq rughu wr qdqfh wkh ixwxuh vhtxhqfh ri
jryhuqphqw h{shqglwxuhv1
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| dw |n
Khuh/ | lv wkh rssruwxqlw| frvw ri kroglqj rqh xqlw ri uhdo prqh|1 Xqghu wkh
wlplqj dgrswhg iru krxvhkrogv* ghflvlrqv/ lw lv dovr wkh lq dwlrq wd{1 Ilqdoo|/
w k hl q f r p hw d {l vj l y h qe || 5 dfc1
Wkh jryhuqphqw qdqfhv d frqvwdqw  rz ri sxeolf h{shqglwxuhv } wkurxjk
dq lqfrph wd{ dqg dq lq dwlrq wd{c d q gl wl v v x h vg h e w 1 W k h u hl vdf r v w
lq froohfwlqj uhyhqxh iurp wkh lqfrph wd{/ zklfk lv ghqrwhg e| 5| L zloo
uvw frqvlghu wkh fdvh zkhuh pdujlqdo froohfwlrq frvwv duh lqfuhdvlqj zlwk
wkh dprxqw ri uhyhqxh froohfwhg/ vr wkdw 5| '  d| E  |  r|o
2 c zkhuh
 5 dfc4 lv wkh froohfwlrq frvw sdudphwhu1 Wkh jryhuqphqw*v vhtxhqfh ri
exgjhw frqvwudlqwv lv wkhq jlyhq e|
f n f  fc
|} n | nE n||  |n￿ n |n￿ n || E  |  r|  |5|c|  fc
Wkh suhvhqfh ri froohfwlrq frvwv jhqhudwhv d orvv ri wkh hfrqrp|*v uhvrxufhv/
dv uh hfwhg lq wkh uhvrxufh frqvwudlqwv=
S| n }  E  |  r|  5| +9,
514 Wkh Krxvhkrog*v Sureohp
Iru d jlyhq vhtxhqfh ri sulfhv dqg wd{hv i|c |c|j
"
|’f c wkh krxvhkrog fkrrvhv
d vhtxhqfh ri txdqwlwlhv iS|c |c |c |cr |j
"
|’f wkdw pd{lpl}hv +,c vxemhfw wr
S|  fc |  fc f  |  c +5,/ +7,/ dqg +8,1
Iurp wkh uvw rughu frqglwlrqv/ wkh frqvxphu*v rswlpdo fkrlfh pxvw vdw0
lvi|=













zkhuh no|n￿  E n |n￿ ￿|
￿|n￿ dqg o| lv wkh uhdo lqwhuhvw udwh1 Htxdwlrq
+:, vd|v wkdw wkh frqvxphu*v rswlpdo kroglqjv ri uhdo edodqfhv duh dw wkh
srlqw zkhuh wkh rssruwxqlw| frvw ri dq dgglwlrqdo xqlw htxdov wkh pdujlqdo
ehqhw ri lw1 Htxdwlrq +;, htxdwhv wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq
frqvxpswlrq dqg ohlvxuh wr wkh udwlr ri wkhlu uhdo sulfhv/ zklfk fdq eh zulwwhq
dv
￿nE￿3￿|￿,SE|￿
￿3￿|  Wkh uhdo sulfh ri frqvxpswlrq lv jlyhq e| d gluhfw frpsrqhqw/
wkh surgxfwlrq frvw ri d xqlw ri wkh frqvxpswlrq jrrg/ soxv dq lqgluhfw
frpsrqhqw/ wkh frvw lq whupv ri orvw zdjh lqfrph ri wkh wudqvdfwlrqv wlph
ECB Working Paper No 38 l  November 2000                                                                 13qhfhvvdu| wr hqmr| dq dgglwlrqdo xqlw ri wkh frqvxpswlrq jrrg1 | lv wkh
uhdo sulfh ri ohlvxuh/ qhw ri wd{hv1 Ilqdoo|/ htxdwlrq +<, ghwhuplqhv wkh uhdo
lqwhuhvw udwh1 Lq vwhdg| vwdwh/ wklv lv frqvwdqw dqg htxdo wr ￿
q  
515 Wkh Udpvh| Sureohp
Vlqfh wkh jryhuqphqw*v qdqflqj lqvwuxphqwv duh glvwruwlrqdu|/ qglqj wkh
rswlpdo lq dwlrq wd{ dqg lqfrph wd{ dprxqwv wr vroylqj d vhfrqg ehvw/ Udp0
vh| sureohp1
Iru jlyhq lqlwldo frqglwlrqv dqg jryhuqphqw h{shqglwxuhv/ wkh vroxwlrq wr
wkh Udpvh| sureohp lv dq doorfdwlrq wkdw pd{lpl}hv vrfldo zhoiduh/ vxemhfw
wr wkh uhvwulfwlrq wkdw lw fdq eh ghfhqwudol}hg dv d frpshwlwlyh htxloleulxp
zlwk wd{hv1
Wkh uhvrxufhv frqvwudlqwv wrjhwkhu zlwk dq lpsohphqwdelolw| frqglwlrq
hqvxuh wkdw wklv uhvwulfwlrq lv vdwlvhg1 Wkh lpsohphqwdelolw| frqglwlrq lv
rewdlqhg e| xvlqj wkh uvw rughu frqglwlrqv ri wkh krxvhkrog*v sureohp wr
uhsodfh wkh wd{hv dqg sulfhv lq whupv ri txdqwlwlhv lqwr wkh frqvxphu*v lq0
whuwhpsrudo exgjhw frqvwudlqw1 Ohw '| ' ￿
E￿n￿f￿￿￿￿E￿n￿|￿ dqg _| ' '|
￿|
￿f1V l q f h
dw wkh rswlpxp *4










_| E  |d |  ,E|o +43,
Xvlqj wkh krprjhqhlw| dvvxpswlrq dqg uvw rughu frqglwlrqv +:,/ +;, dqg
+<,/ wr uhsodfh wd{hv dqg sulfhv lq wkh lqwhuwhpsrudo exgjhw frqvwudlqw +43,/




| iS|S E|nE  &￿ E|,E|  ￿ E|E |j 'f  +44,
Wkh rswlpdo doorfdwlrq iS|c6 |c |j pd{lpl}hv +4, vxemhfw wr +44, dqg wr
wkh uhvrxufhv frqvwudlqwv
S| n }  E  |  r|   d E|E |  r|o
2  +45,
Qrwlfh wkdw  E| ghqrwhv wkh h{suhvvlrq iru wkh lqfrph wd{ dv d ixqfwlrq ri
wkh txdqwlwlhv/ dv lpsolhg e| wkh krxvhkrog*v rswlpdolw| frqglwlrq +;,1
8Vlqfh wkh krxvhkrog*v exgjhw frqvwudlqw dqg uvw rughu frqglwlrqv duh qrw dhfwhg e|
wkh suhvhqfh ri froohfwlrq frvwv/ wkh lpsohphqwdelolw| frqglwlrq lv dovr xqfkdqjhg1
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' l|,6 E|  2l| E|
2 d  |  ,E|o,6 E|n2 l| E|6 E|d |  ,E|o
2 c
zkhuh  lv wkh pdujlqdo h{fhvv exughq ri jryhuqphqw h{shqglwxuhv +ru ri
wd{dwlrq,/ zkloh l| lv wkh vkdgrz sulfh ri wkh hfrqrp|*v uhvrxufhv/ iru |  f1
Erwk  dqg l| duh juhdwhu wkdq }hur dw wkh rswlpxp1
Wkh uhohydqw txhvwlrq qrz lv zkdw lv wkh rswlpdo lq dwlrq wd{ zkhq wkhuh
duh srvlwlyh froohfwlrq frvwv1 Htxdwlrq +:, hqvxuhv wkdw wkh Iulhgpdq uxoh lv
rswlpdo li ,6 E|'fvdwlvhv +46,c iru doo |
Sursrvlwlrq 41 Vxssrvh wkdw wkh dowhuqdwlyh wd{ wr lq dwlrq lv dq lqfrph
wd{ dqg pdujlqdo froohfwlrq frvwv duh lqfuhdvlqj1 Wkhq/
l, li 6 $4 / wkh Iulhgpdq uxoh lv rswlpdo iru dq| qlwh ohyho ri wkh
froohfwlrq frvw sdudphwhu 
ll, li 6 ' kSc k 5 dfc4 / wkh Iulhgpdq uxoh lv rswlpdo zkhq wkh wudqv0
dfwlrqv whfkqrorj| lv vxfk wkdw ,S6 ESc6'fru zkhq froohfwlrq frvwv
duh }hur E 'f  1
Surri1 9+Vnhwfk, Iurp htxdwlrq +:,/ zh nqrz wkdw wkh Iulhgpdq uxoh gh0
fhqwudol}hv d vroxwlrq zkhuh 6 ' 6 Wkhuhiruh/ d qhfhvvdu| frqglwlrq iru wkh
Iulhgpdq uxoh wr eh rswlpdo lv wkdw 6 vdwlvhv htxdwlrq +46,1 Li wkh sureohp
lv joredoo| frqfdyh/ wklv lv d qhfhvvdu| dqg vx!flhqw frqglwlrq1 Li wkh sure0
ohp lv qrw joredoo| frqfdyh/ wklv frqglwlrq lv rqo| qhfhvvdu|1 Dv lw lv frpprq
lq wklv olwhudwxuh/ L dvvxph wkdw/ zkhq 6 vdwlvhv htxdwlrq +46,/ wkh doorfd0
wlrq ghfhqwudol}hg e| wkh Iulhgpdq uxoh dfklhyhv wkh joredo pd{lpxp hyhq
zkhq wkh sureohp lv rqo| orfdoo| frqfdyh1 Wklv qgv vxssruw lq qxphulfdo
frpsxwdwlrqv xqghu vhyhudo dowhuqdwlyh vshflfdwlrqv ri wkh prgho1 Wr suryh
wkh sursrvlwlrq/ L glvwlqjxlvk wzr fdvhv1
+l, 6 $4  Zh nqrz wkdw ,6
6<" ,6 ESc6'f c vr wkdw wkh uM7 ri htxdwlrq
+46, whqgv wr }hur dw vdwldwlrq1 Li  'f c wkhq wkh -M7 dssurdfkhv
}hur dv 6 $4 /d q gw k hI u l h g p d qu x o hl vr s w l p d oi r ud q |g h j u h h
ri krprjhqhlw| &1L i  5 dfc4c wkh Iulhgpdq uxoh lv vwloo rswlpdo
vlqfh ,6




d￿S3￿￿,SESc6￿o2 Iurp krprjhqhlw| ri wkh wudqvdfwlrqv whfk0
qrorj| dqg iurp wkh dvvxpswlrq wkdw/ zkhq wkh xqlw wd{ rq prqh|
9VhhVhfwlrqA lqwkhDsshqgl{irudfrpsohwhsurririfdvh+l,1
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vkrzq wkdw ,6
6<"
,S6 ESc6'f c vr wkdw ,6
6<"
6m6’6 'f  Lw iroorzv
wkdw wkh -M7 ri htxdwlrq +46, dovr dssurdfkhv }hur dv 6 $4 
+ll, 6 ' kSc k 5 dfc4 Vlqfh ,6 ESc6'f c wkh uM7 ri htxdwlrq +46,
lv }hur dw vdwldwlrq1 Zkhq  'f c wkh -M7 lv }hur dv zhoo/ dqg wkh
Iulhgpdq uxoh lv rswlpdo iru dq| ghjuhh ri krprjhqhlw| &1 Zkhq  5





e h f d x v hw k l vl p s o l h vw k d w6m6’6 dqg wkh -M7c hydoxdwhg dw 6c duh
}hur1
Zkhq froohfwlrq frvwv duh }hur/ wkh jhqhudo uhvxow lq wkh olwhudwxuh lv wkdw
prqh| vkrxog qrw eh wd{hg1 D }hur lq dwlrq wd{ lv rswlpdo iru dq| ghjuhh ri
krprjhqhlw| ri wkh wudqvdfwlrqv whfkqrorj|/ dv vkrzq lq Fruuhld dqg Whohv
+4<<9,1
Zkhq wkhuh duh froohfwlrq frvwv/ wkh rswlpdo lq dwlrq wd{ lv jhqhudoo|
glhuhqw iurp }hur1 Zkhq htxdwlrq +46, lv qrw vdwlvhg dw wkh srlqw ri ixoo
oltxlglw|/ lw lv rswlpdo wr vhw d srvlwlyh lq dwlrq wd{ dqg wr fruuhvsrqglqjo|
uhgxfh wkh wd{ rq lqfrph1 Wkh rswlpdo srolf| pl{ plqlpl}hv wkh zhoiduh
orvvhv gxh wr wkh xvh ri wkh wzr glvwruwlrqdu| wd{ lqvwuxphqwv1 D srvlwlyh
lq dwlrq wd{ lqwurgxfhv d glvwruwlrq lq wkh krxvhkrogv* ghflvlrqv wr krog uhdo
edodqfhv1 D ghfuhdvh lq wkh lqfrph wd{ uhgxfhv erwk wkh glvwruwlrq lq wkh
krxvhkrogv* frqvxpswlrq0ohlvxuh fkrlfh dqg wkh orvv lq vrfldo uhvrxufhv gxh wr
wkh wd{ froohfwlrq surfhvv1 Wkh wzr fdvhv olvwhg lq Sursrvlwlrq 4/ zkhuh d }hur
lq dwlrq wd{ lv vwloo rswlpdo/ duh fdvhv lq zklfk d pdujlqdo ghfuhdvh lq uhdo
edodqfhv grhv qrw doorz wr lqfuhdvh wkh uhyhqxh froohfwhg iurp vhljqrudjh/
7 ' 6c dqg wr fruuhvsrqglqjo| uhgxfh wkh lqfrph wd{1 Wkhuhiruh/ lw lv qrw
srvvleoh wr vdyh rq wkh uhvrxufhv zdvwhg lq wkh wd{ froohfwlrq surfhvv1 Prylqj
dzd| iurp vdwldwlrq fdq rqo| lqfuhdvh wkh glvwruwlrqv lq wkh hfrqrp|/ vr wkdw
wkh rswlpdo srolf| grhv qrw wd{ prqh|1
Frqvlghu wkh fdvh zkhq 6 $4  Vlqfh dw wkdw srlqw wkh xqlw wd{ rq
prqh|/ |c lv }hur/ lw lv uhdvrqdeoh wr dvvxph wkdw vhljqrudjh lv }hur1 Pruhryhu/
dv uhdo edodqfhv dssurdfk vdwldwlrq/ wkh lqfuhdvh lq vhljqrudjh dvvrfldwhg wr
d pdujlqdo ghfuhdvh lq uhdo edodqfhv dovr whqgv wr }hur1 Wklv lv glvfxvvhg
lq Dsshqgl{ D1 Vlqfh wkh dxwkrulwlhv fdqqrw vdyh rq wkh uhvrxufhv orvw lq
wkh froohfwlrq surfhvv/ d }hur lq dwlrq wd{ lv rswlpdo/ dv lq wkh fdvh zlwk qr
froohfwlrq frvwv1
D vlplodu uhdvrqlqj h{sodlqv wkh rswlpdolw| ri wkh Iulhgpdq uxoh zkhq
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'f / wkh lqfuhdvh lq vhljqrudjh dvvrfldwhg
wr d pdujlqdo ghfuhdvh lq uhdo edodqfhv whqgv wr }hur Dovr lq wklv fdvh/ lw lv
rswlpdo wr iroorz Iulhgpdq*v suhvfulswlrqv dqg qrw wr wd{ prqh|1
6 Dowhuqdwlyh Prgho Vshflfdwlrqv
Lw lv xvhixo wr dqdo|}h krz glhuhqw prgho dvvxpswlrqv dhfw wkh frqglwlrqv
xqghu zklfk wkh Iulhgpdq uxoh lv rswlpdo/ zkhq wkhuh duh froohfwlrq frvwv1
Lq zkdw iroorzv/ L zloo ghulyh wkh Udpvh| vroxwlrq zkhq pdujlqdo froohfwlrq
frvwv duh {hg/ dqg zkhq wkh dowhuqdwlyh lqvwuxphqw wr lq dwlrq lv d wd{ rq
frqvxpswlrq1
614 Pdujlqdo Froohfwlrq Frvwv duh Frqvwdqw
Lq vhfwlrq 5/ L kdyh dqdo|}hg wkh rswlpdolw| ri wkh Iulhgpdq uxoh xqghu
wkh dvvxpswlrq wkdw wrwdo froohfwlrq frvwv duh txdgudwlf/ ru wkdw pdujlqdo
froohfwlrq frvwv lqfuhdvh zlwk wkh uhyhqxhv udlvhg e| wkh lqfrph wd{1 Dv lw zloo
eh dujxhg lq vhfwlrq 815/ hylghqfh rq wkh ixqfwlrqdo irup ri wkh frvw vfkhgxoh
dvvrfldwhg zlwk wkh dgplqlvwudwlrq ri wkh wd{ v|vwhp lv qrw frqfoxvlyh/ dqg
glhuhqw dvvxpswlrqv frxog eh pdgh derxw wkh orvvhv lq uhvrxufhv lqfxuuhg
lq wkh hfrqrp|1 Iru lqvwdqfh/ lw frxog eh dujxhg wkdw froohfwlrq frvwv duh
pdlqo| {hg frvwv vr wkdw pdujlqdo frvwv duh qhjoljleoh/ ru wkdw pdujlqdo
frvwv duh srvlwlyh exw lqghshqghqw ri wkh dprxqw ri uhyhqxh udlvhg1
Zkhq froohfwlrq frvwv duh {hg/ 5| ' c iru doo |c wkhuh duh ohyhov ri 
vr kljk wkdw lw lv rswlpdo qrw wr xvh wkh lqfrph wd{ dw doo1 Lq wklv fdvh/
wkh jryhuqphqw zrxog rqo| xvh wkh lq dwlrq wd{/ dv orqj dv uhyhqxhv iurp
vhljqrudjh duh odujh hqrxjk wr fryhu sxeolf h{shqglwxuhv1 Zkhq wkh ohyho
ri froohfwlrq frvwv lv orz hqrxjk dv wr pdnh lw rswlpdo wr xvh d pl{ ri wkh
lq dwlrq wd{ dqg wkh lqfrph wd{/ wkhq wkh rswlpdo srolf| lv dozd|v jlyhq e|
wkh Iulhgpdq uxoh1 Lq wklv fdvh/ lw lv rswlpdo iru wkh jryhuqphqw wr vhw d }hur
lq dwlrq wd{ dqg wr qdqfh jryhuqphqw h{shqglwxuhv wkurxjk wkh lqfrph
wd{/ ehfdxvh wkhuh lv qr wudgh0r ehwzhhq d kljkhu lq dwlrq wd{ dqg orzhu
froohfwlrq frvwv1
Frqvlghu qrz wkh fdvh zkhq wkh froohfwlrq frvw vfkhgxoh lv lqfuhdvlqj/ exw
pdujlqdo frvwv duh frqvwdqw/ l1h1 5| '  E|d |  ,E|o Wkh uvw0rughu





￿ E|E &  n E|

,6 E|'6 E|d |  ,E|oc|  f
+47,
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wd{1 Li wrwdo froohfwlrq frvwv ulvh zlwk wd{ uhyhqxhv exw pdujlqdo frvwv duh
frqvwdqw/ Sursrvlwlrq 4 vwloo krogv1
Surri1 Frqvlghu htxdwlrq +47,/ dqg qrwlfh wkdw 6m6’6 dqg ,S6 ESc6
duh vwloo jlyhq e| 6m6’6 '
3￿2
￿,S6ESc6￿






Wkhuhiruh/ wkh frqglwlrqv xqghu zklfk 6 vroyhv wkh Udpvh| sureohp duh
xqfkdqjhg1
Dowkrxjk wkh vroxwlrq wr wkh Udpvh| sureohp lv glhuhqw xqghu d vfkhg0
xoh zlwk frqvwdqw pdujlqdo froohfwlrq frvwv/ wkh frqglwlrqv xqghu zklfk wkh
Iulhgpdq uxoh lv rswlpdo duh xqfkdqjhg1 Wkhvh duh wkh frqglwlrqv xqghu
zklfk wkh wudgh0r ehwzhhq d srvlwlyh lq dwlrq wd{ dqg orzhu froohfwlrq frvwv
glvdsshduv1
615 Wkh Dowhuqdwlyh wr Lq dwlrq lv d Frqvxpswlrq Wd{
Zkhq wkh dowhuqdwlyh wr lq dwlrq lv d frqvxpswlrq wd{/ wklv wd{ dsshduv lq
wkh wudqvdfwlrqv whfkqrorj|1 Wkh uhdvrq lv wkdw lqfrph wd{hv duh jhqhudoo|
sdlg hlwkhu dv wd{ ghgxfwlrqv rq zdjhv/ ru rxw ri fkhfnlqj dffrxqwv hyhu|
vfdo |hdu1 Lqvwhdg/ frqvxpswlrq wd{hv duh sdlg hdfk wlph d wudqvdfwlrq lv
fduulhg/ dqg wklv uhtxluhv krxvhkrogv wr lqfuhdvh wkh dprxqw ri fdvk wkdw lv
qhfhvvdu| wr sxufkdvh wkh vdph dprxqw ri wkh frqvxpswlrq jrrg1
Lq wkh devhqfh ri froohfwlrq frvwv/ wkh jhqhudo uhvxow zkhq wkh dowhuqdwlyh
wr lq dwlrq lv d wd{ rq lqfrph lv wkh rswlpdolw| ri wkh Iulhgpdq uxoh1 Pxooljdq
dqg Vdod0l0Pduwlq +4<<:, dujxh wkdw wklv lv d iudjloh uhvxow ehfdxvh/ zkhq wkh
dowhuqdwlyh wr lq dwlrq lv d wd{ rq frqvxpswlrq dqg wd{hv duh sdlg zlwk
prqh|/ vshflf dvvxpswlrqv duh qhfhvvdu| iru wkh Iulhgpdq uxoh wr krog1
Wkhvh dvvxpswlrqv uhodwh wr wkh wlph vshqw rq wudqvdfwlrqv dw vdwldwlrq lq
uhdo edodqfhv1 Gh Ilruh dqg Whohv +4<<<, vkrz wkdw wkh fodlphg iudjlolw|
ri wkh Iulhgpdq uxoh lv gxh wr wkh shfxoldu vshflfdwlrq ri wkh wudqvdfwlrqv
whfkqrorj| xvhg lq wkh olwhudwxuh/ r| ' ,

E n w|S|c ￿|
￿|

c zkhuh w| lv wkh wd{
rq frqvxpswlrq1 Xqghu wklv vshflfdwlrq/ d orzhu frqvxpswlrq wd{ khosv
vdylqj rq wkh uhvrxufhv xvhg iru wudqvdfwlrqv/ vr wkdw d srvlwlyh lq dwlrq wd{
ehfrphv rswlpdo1 Krzhyhu/ wklv irupxodwlrq kdv dq xqghvludeoh surshuw|1 Wr









Qrz frqvlghu d uhgxfwlrq ri wkh frqvxpswlrq wd{ w| Iru d jlyhq uhdo txdqwlw|
ri wudqvdfwlrqv lq xqlwv ri wkh frqvxpswlrq jrrg/ S|c lw lv srvvleoh wr fkdqjh
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￿| lq vxfk d zd| dv wr ohdyh xqfkdqjhg wkh uhdo txdqwlw| ri prqh| uhtxluhg wr
ex| wkrvh jrrgv/ ￿|
￿|E￿nw|￿1 Qrqhwkhohvv/ iru dq| &:fc sxufkdvlqj wkh vdph
uhdo txdqwlw| ri jrrgv zlwk wkh vdph uhdo txdqwlw| ri prqh| uhtxluhv ohvv
wudqvdfwlrqv wlph1 Xqghu wkh dowhuqdwlyh vshflfdwlrq sursrvhg e| Gh Ilruh







c wklv xqghvludeoh surshuw| glvdsshduv1 Vlqfh
uhgxflqj wkh frqvxpswlrq wd{ fdqqrw khos vdylqj rq wudqvdfwlrqv wlph/ lw lv
dozd|v rswlpdo wr vhw d }hur lq dwlrq wd{/ dv lq wkh fdvh zkhq wkh dowhuqdwlyh
lv dq lqfrph wd{1
Lq zkdw iroorzv/ L frqvlghu dq hfrqrp| zkhuh froohfwlrq frvwv duh srvlwlyh/
wkh jryhuqphqw*v lqvwuxphqwv duh wkh lq dwlrq wd{ dqg d frqvxpswlrq wd{/



















Wkh dvvxpswlrqv pdgh lq Vhfwlrq 5 rq wkh wudqvdfwlrqv whfkqrorj| , dovr




, E| dqg doo lwv sduwldov duh qrz d
ixqfwlrq ri w|c vr wkdw erwk wkh krxvhkrog*v sureohp dqg wkh Udpvh| sureohp










, S E| +4;,
Wkh Udpvh| vroxwlrq pd{lpl}hv +4, vxemhfw wr wkh uhvrxufh frqvwudlqwv









| c|  fc
dqg wkh lpsohphqwdelolw| frqglwlrq+44,/ zkhuh wE| ghqhv wkh frqvxpswlrq
wd{ lq whupv ri txdqwlwlhv/ dv lpsolhg e| wkh krxvhkrog*v rswlpdolw| frqglwlrq






￿ E|E &  
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Sursrvlwlrq 61 Vxssrvh wkdw wkh dowhuqdwlyh wd{ wr lq dwlrq lv d frqvxps0
wlrq wd{/ pdujlqdo froohfwlrq frvwv duh lqfuhdvlqj/ dqg wd{hv duh sdlg zlwk
prqh|1 Wkhq/ Sursrvlwlrq 4 vwloo krogv1
















Djdlq/ L frqvlghu wzr fdvhv1







dssurdfkhv }hur dqg vr grhv wkh
-M7/ hydoxdwhg dw vdwldwlrq1 Khqfh/ wkh Iulhgpdq uxoh lv rswlpdo iru
doo qlwh ydoxhv ri 
+ll, 6 ' kSc k 5 dfc4 Zkhq  'f c wkh -M7 lv }hur dv zhoo/ dqg wkh









7 Wkh Rswlpdo Lq dwlrq Wd{ zkhq wkh
Iulhgpdq Uxoh lv Qrw Rswlpdo
Lq wkh suhylrxv dqdo|vlv/ L kdyh ghulyhg wkh vshflf frqglwlrqv xqghu zklfk
wkh Iulhgpdq uxoh lv rswlpdo/ ghvslwh wkh suhvhqfh ri froohfwlrq frvwv1
Wkh dvvxpswlrq ri dq duelwudulo| odujh ohyho ri vdwldwlrq lv lpsolflw lq
pdq| prghov zlwklq wkh lqyhqwru|0wkhruhwlf olwhudwxuh/ zklfk surylghv wkh
plfur0irxqgdwlrq ri wkh wudqvdfwlrqv whfkqrorj| prgho1 Iru lqvwdqfh/ Edx0
pro +4<85, dqg Wrelq +4<89, irupdol}h wkh frvw ri frqvxpswlrq lq whupv ri
wlph dqg prqh|1 Wkh| ghulyh d whfkqrorj| ri wkh irup r| '  S|
6|c zkhuh 
lv wkh frvw ri zlwkgudzlqj prqh| iurp wkh edqn lq xqlw ri wlph1 Ploohu dqg





c ghvfulehv wkh frvwv
ri d up*v fdvk pdqdjhphqw sureohp lq d vwrfkdvwlf vhwwlqj1 Sursrvlwlrq 4
hqvxuhv wkdw/ xqghu wkhvh vshflfdwlrqv ri wkh wudqvdfwlrqv whfkqrorj|/ wkh
Iulhgpdq uxoh lv rswlpdo iru dq| qlwh ohyho ri wkh froohfwlrq frvwv sdudphwhu
dqg iru dq| dvvxpswlrq rq wkh pdujlqdo froohfwlrq frvwv vfkhgxoh1 Qrqhwkh0
ohvv/ dq lqqlwh vdwldwlrq ohyho vkrxog eh vhhq dv d frqfhswxdo olplwlqj fdvh
udwkhu wkdq dv d uhdolvwlf dvvxpswlrq1 Hpslulfdo hylghqfh/ dv glvfxvvhg lq
vhfwlrq 8/ vxjjhvwv wkdw vdwldwlrq rffxuv dw d qlwh dqg uhodwlyho| orz ohyho1
Lw lv gl!fxow wr dvvhvv zkhwkhu ,S6 ESc6'flv d uhdolvwlf dvvxpswlrq ru
qrw1 Rqh frxog wklqn wkdw lw dssur{lpdwhv wkh ehkdylrxu ri hfrqrplhv zkhuh
vhljqrudjh lv orz dqg zkhuh d fkdqjh lq wkh qrplqdo lqwhuhvw udwh lv qrw olnho|
wr doorz iru vxevwdqwldo uhgxfwlrqv lq wkh dowhuqdwlyh frvwo| wd{hv1 Wklv vhhpv
wr eh wkh fdvh iru wkh Xqlwhg Vwdwhv1 Lq 4<<6/ wkh vkruw0whup frpphufldo
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ihghudo wd{ uhfhlswv1: Lq 4<<8/ wkh vkruw0whup frpphufldo sdshu udwh kdg
doprvw grxeohg/ ehlqj dw 81< shufhqw/ zkloh vhljqrudjh kdg rqo| lqfuhdvhg dw
durxqg 718 shufhqw ri doo ihghudo wd{ uhyhqxhv1
Zkdw kdsshqv zkhq wkh frqglwlrqv vwdwhg lq Sursrvlwlrq 4 idlo wr krogB
Lq wklv vhfwlrq/ L dqdo|}h zkdw duh wkh pdlq ghwhuplqdqwv ri wkh rswlpdo
lq dwlrq wd{/ zkhq wkh Iulhgpdq uxoh lv qrw rswlpdo1 Lq rughu wr gr vr/ L
vwduw iurp d +qrw qhfhvvdulo| Sduhwr rswlpdo, wd{ v|vwhp/ zkhuh erwk  dqg
 duh srvlwlyh1 Wkhq/ L frqvlghu d uhyhqxh qhxwudo pdujlqdo wd{ uhirup wkdw
lqfuhdvhv wkh lq dwlrq wd{ dqg fruuhvsrqglqjo| uhgxfhv wkh lqfrph wd{/ dqg
L dvn zkhwkhu wklv uhirup ohdgv wr d Sduhwr lpsuryhphqw1 Vlplodu frqglwlrqv
duh ghulyhg lq d glhuhqw hqylurqphqw e| Idlj +4<;;, dqg Pxooljdq dqg Vdod0
l0Pduwlq +4<<:,1
L fduu| wkh dqdo|vlv xqghu wkh dvvxpswlrq wkdw wkh dowhuqdwlyh wr lq dwlrq
lv d wd{ rq lqfrph1 Iru dqdo|wlfdo frqyhqlhqfh/ L xvh d gxdo dssurdfk wr wkh
vroxwlrq ri wkh Udpvh| sureohp/; dqg L dvvxph wkdw pdujlqdo froohfwlrq
frvwv duh frqvwdqw/ l1h1 5 '  E    ,< Wkh uhvxowv vkrxog h{whqg wr wkh
fdvh zlwk lqfuhdvlqj pdujlqdo froohfwlrq frvwv/ dv vxjjhvwhg e| wkh qxphulfdo
h{huflvh ri vhfwlrq 8161
Vlqfh wkh vroxwlrq lv vwdwlrqdu|/ L zloo gurs wlph ghshqghqfh lq wkh qr0
wdwlrq1 Wkh frqvxphu qrz pd{lpl}hv xwlolw| L EScc vxemhfw wr wkh vwhdg|
vwdwh irup ri wkh exgjhw frqvwudlqw
S n 6 n  E    r'   r  ?
Wkh uvw rughu frqglwlrqv duh jlyhq e| +:, dqg +;,/ zkhuh wkh odwwhu fdq








Wkh vhfrqg rughu frqglwlrqv uhtxluh wkdw





:Vhljqrudjh lv frpsxwhg dv wkh vkruw0whup frpphulfdo sdshu udwh wlphv P4 gh dwhg
e| wkh JGS gh dwru1
;Lq wkh gxdo dssurdfk/ wkh jryhuqphqw*v sureohp lv vroyhg e| fkrrvlqj wkh wd{hv +udwkhu
wkdq wkh txdqwlwlhv, wkdw pd{lpl}h wkh uhsuhvhqwdwlyh djhqw*v xwlolw|/ vxemhfw wr wkh lqgl0
ylgxdo dqg jryhuqphqw exgjhw frqvwudlqwv/ dqg vxemhfw wr wkh rswlpdolw| frqglwlrqv ri wkh
frqvxphu*v sureohp1
<Zkhq pdujlqdo froohfwlrq frvwv duh frqvwdqw/ lw pxvw eh wkdw 3    4 iru wkh
jryhuqphqw wr xvh wkh lqfrph wd{1
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wkh frqvxphu*v exgjhw frqvwudlqw/ wkh jryhuqphqw*v exgjhw frqvwudlqw/ dqg
wkh rswlpdolw| frqglwlrqv ri wkh frqvxphu*v sureohp1 Lwv lqgluhfw xwlolw|
ixqfwlrq lv jlyhq e|
T Ec'L dSEccEco +55,
dqg wkh jryhuqphqw exgjhw frqvwudlqw fdq eh zulwwhq dv
CEc   E  d Ec  ,Eco n 6Ec'} +56,
L dvvxph wkdw wkh jryhuqphqw lv qhyhu rq wkh grzqzdug vorslqj sduw ri wkh
O d  h uf x u y h /r uw k d wC￿/ C￿  f
Frqvlghu d wd{ v|vwhp icj wkdw qdqfhv d jlyhq  rz ri jryhuqphqw
h{shqglwxuh }c zkhuh erwk wd{hv duh vwulfwo| srvlwlyh1 D pdujlqdo wd{ uhirup
wkdw lqfuhdvhv wkh lq dwlrq wd{ dqg fruuhvsrqglqjo| uhgxfhv wkh lqfrph wd{/
























Lqwxlwlyho|/ lw lv rswlpdo wr lqfuhdvh wkh qrplqdo lqwhuhvw udwh zkhq/ frpsduhg
wr wkh lq dwlrq wd{/ wkh lqfrph wd{ ohdgv wr d odujh ghfuhdvh lq xwlolw| uhodwlyh
wr wkh uhyhqxh lw udlvhv1
Ghqh 06￿ dv wkh devroxwh ydoxh ri wkh lqwhuhvw udwh hodvwlflw| ri wkh prqh|
ghpdqg/ 0?￿ dv wkh devroxwh ydoxh ri wkh frpshqvdwhg oderu vxsso| hodvwlflw|
zlwk uhvshfw wr wkh lqfrph wd{/43 dqg 06S dv wkh vfdoh hodvwlflw| ri prqh|
ghpdqg1
Sursrvlwlrq 71 Vxssrvh wkdw wkh dowhuqdwlyh wd{ wr lq dwlrq lv dq lqfrph
wd{/ pdujlqdo froohfwlrq frvwv duh frqvwdqw/ 6 lv qlwh/ dqg wkh hfrqrp| lv dw
ds r l q wz k h u h:f dqg :f Wkhq/ d uhyhqxh qhxwudo pdujlqdo wd{ uhirup









2 nE  06S









2 nE  06S








43Lw lv srvvleoh wr h{suhvv wkh frpshqvdwhg fkdqjh lq oderu vxsso| iroorzlqj d fkdqjh lq
w k hl q f r p hw d {d vCqf
C￿ @ Cq
C￿ . Cq
CZq> zkhuh Z lv wkh dprxqw ri wudqvihuv lq xqlwv ri wkh
frqvxpswlrq jrrg wkdw lv jlyhq wr wkh djhqw lq rughu wr nhhs klv xwlolw| xqfkdqjhg1 Wkhq/
wkh devroxwh ydoxh ri wkh frpshqvdwhg oderu vxsso| hodvwlflw| zlwk uhvshfw wr wkh lqfrph
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wkh ghpdqg ixqfwlrqv SEcc Ecc dqg 6Ec Xvlqj wkh krxvhkrog*v
exgjhw frqvwudlqwv dqg uvw rughu frqglwlrqv/ L rewdlq h{suhvvlrqv iru ￿c ￿c
6￿c6 ￿cS ￿c dqg S￿ D pdujlqdo wd{ uhirup wkdw lqfuhdvhv wkh lq dwlrq wd{
dqg fruuhvsrqglqjo| uhgxfhv wkh lqfrph wd{/ ohdylqj xqfkdqjhg jryhuqphqw




C￿  Wdnlqj ghulydwlyhv ri +55, dqg ri
+56, zlwk uhvshfw wr erwk  dqg c L fdq ghulyh h{suhvvlrqv iru T￿cT ￿cC ￿c
dqg C￿ Xqghu wkh dvvxpswlrq wkdw wkh jryhuqphqw lv rq wkh xszdug vorslqj
sduw ri wkh Odhu fxuyh/ xvlqj wkh h{suhvvlrqv iru 6￿c ￿cS ￿c6 ￿c ￿cS ￿c dqg
wkh ghqlwlrqv ri 06￿/ 0?￿ dqg 06Scwkh frqglwlrq iru wkh rswlpdolw| ri wkh
pdujlqdo wd{ uhirup fdq eh uhzulwwhq dv frqglwlrq +58,1
Frqglwlrq +58, lv hqwluho| vwdwhg lq whupv ri txdqwlwlhv dqg hodvwlflwlhv1
Sursrvlwlrq 7 vkrzv wkdw wkh ohyho ri wkh rswlpdo lq dwlrq wd{ ghshqgv rq wkh
wkuhh ghqhg hodvwlflwlhv/ dqg rq wkh froohfwlrq frvw sdudphwhu dqg vfkhgxoh1
Qrwlfh wkdw/ iurp wkh krprjhqhlw| dvvxpswlrq ri wkh wudqvdfwlrqv whfkqrorj|/





 Zkhq & ' c0 6S 'iru doo srvvleoh ydoxhv ri 
Zkhq & B c0 6S B  iru vwulfwo| srvlwlyh ohyhov ri wkh qrplqdo lqwhuhvw udwh
Krzhyhu/ lw fdq hdvlo| eh yhulhg wkdw/ zkhq & B c0 6S $  zkhq  $ f
Sursrvlwlrq 7 vd|v wkdw/ zkhq 06S 	 c dq lqfuhdvh lq wkh lq dwlrq wd{ lv
rswlpdo zkhq wkh lqwhuhvw udwh hodvwlflw| ri prqh| ghpdqg lv vpdoo uhodwlyh
wr wkh frpshqvdwhg oderu vxsso| hodvwlflw|1 Krzhyhu/ zkhq & ' c wkh ohyho
ri wkh rswlpdo lq dwlrq wd{ rqo| ghshqgv rq wkh lqwhuhvw hodvwlflw| ri prqh|
ghpdqg dqg rq wkh ohyho ri froohfwlrq frvwv1 Wkh ohyho ri wkh frpshqvdwhg
oderu vxsso| hodvwlflw| ehfrphv luuhohydqw1 Ilqdoo|/ zkhq 06S : c wkh -M7 ri
frqglwlrq +58, lv qrw qhfhvvdulo| lqfuhdvlqj lq 0?￿ Dq lqfuhdvh lq wkh lq dwlrq
wd{ frxog eh rswlpdo zkhq wkh lqwhuhvw udwh hodvwlflw| ri prqh| ghpdqg lv
odujh uhodwlyh wr wkh frpshqvdwhg oderu vxsso| hodvwlflw|1
Frqglwlrq +58, frqupv wkh rswlpdolw| ri wkh Iulhgpdq uxoh lq wkh devhqfh
ri froohfwlrq frvwv1 Zkhq  'fdqg  'f c wkhq 06S 'dqg wkh -M7 lq
frqglwlrq +58, jrhv wr }hur1 Wkxv/ lw lv qhyhu rswlpdo wr lqfuhdvh wkh lq dwlrq
wd{ dqg wr ghyldwh iurp wkh Iulhgpdq uxoh1
44VhhVhfwlrqB lqwkhDsshqgl{irudfrpsohwhsurri1
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Wkh dlp ri wklv vhfwlrq lv wr hydoxdwh hpslulfdoo| zkhwkhu wkh suhvhqfh ri fro0
ohfwlrq frvwv mxvwlhv vxevwdqwldo ghyldwlrqv ri wkh rswlpdo lq dwlrq wd{ iurp
Iulhgpdq*v suhvfulswlrqv1 Lq zkdw iroorzv/ L uvw glvfxvv dydlodeoh hylghqfh
iurp X1V1 gdwd rq nh| sdudphwhuv1 Wkhq/ L fdoleudwh wkh prgho suhvhqwhg lq
vhfwlrq 5 dqg L frpsxwh qxphulfdoo| wkh rswlpdo lq dwlrq wd{ xqghu dowhuqd0
wlyh dvvxpswlrqv1
814 Hylghqfh rq wkh Uhohydqw Hodvwlflwlhv
Wkh dqdo|vlv deryh pdnhv lw fohdu wkdw wkh lqwhuhvw hodvwlflw| ri prqh| gh0
pdqg lv dq lpsruwdqw ghwhuplqdqw ri wkh rswlpdo lq dwlrq wd{1 Oxfdv +5333,
dujxhv wkdw wkh ehvw w iru wkh X1V1 prqh| ghpdqg +gh dwhg e| jurvv qrp0
lqdo lqfrph, iru wkh shulrg 4<3304<<7 lv jlyhq e| d orj0orj ixqfwlrq zlwk d
frqvwdqw lqwhuhvw hodvwlflw|/ htxdo wr rqh kdoi1 Pxooljdq dqg Vdod0l0Pduwlq
+4<<9, fulwlfl}h wkh w ri d orj0orj ixqfwlrq ehfdxvh lw h{wudsrodwhv wkh eh0
kdylru ri djhqwv dw klvwrulfdoo| revhuyhg qrplqdo lqwhuhvw udwhv wr udwhv ehorz
4 shufhqw/ zklfk kdyh qrw ehhq h{shulhqfhg lq wkh X1V1 Lq rughu wr hvwlpdwh
wkh lqwhuhvw hodvwlflw| ri prqh| ghpdqg dw orz lqwhuhvw udwhv/ Pxooljdq dqg
Vdod0l0Pduwlq frqvlghu d furvv vhfwlrq ri djhqwv dqg wkhlu kroglqj ri dvvhwv1
Wkh| dujxh wkdw djhqwv/ zkhq ghflglqj zkhwkhu wr lqyhvw ru qrw lq lqwhuhvw
ehdulqj dvvhwv/ orrn dw wkh surgxfw ri wkh lqwhuhvw udwh wlphv wkh wrwdo dprxqw
ri wkhlu dvvhwv1 Wklv ehfdxvh wkhuh lv d frvw lq dftxlulqj d qdqfldo whfkqro0
rj|/ l1h1 wkh lqirupdwlrq qhfhvvdu| wr pdnh dffxudwh lqyhvwphqw ghflvlrqv/
vr wkdw krxvhkrogv pljkw qrw zdqw wr lqyhvw lq wkh whfkqrorj| zkhq wkhlu
wrwdo ohyho ri dvvhwv lv orz/ sduwlfxoduo| zkhq lqwhuhvw udwhv duh forvh wr }hur1
Wkh hvwlpdwhv wkh| rewdlq gr qrw vxssruw d orj0orj ixqfwlrqdo irup1 Wkh
lqwhuhvw hodvwlflw| ri prqh| ghpdqg lv irxqg wr eh forvh wr 318 dw d qrplqdo
lqwhuhvw udwh ri 9 shufhqw/ exw forvh wr }hur dw yhu| orz qrplqdo lqwhuhvw udwhv1
Uhmhfwlqj wkh orj0orj ixqfwlrqdo irup iru wkh prqh| ghpdqg dovr lpsolhv
lpsrvlqj wkdw vdwldwlrq lq uhdo edodqfhv rffxuv dw d qlwh ohyho1 Wr vkhg vrph
oljkw rq srvvleoh ydoxhv iru wkh udwlr 6
+ / rqh fdq orrn dw wkh ghpdqg iru prqh|
+gh dwhg e| jurvv qrplqdo lqfrph, dw ydoxhv ri wkh qrplqdo lqwhuhvw udwh yhu|
forvh wr }hur1 Iljxuh 4 sorwv wkh yhorflw| ri prqh| lq wkh X1V1/ frpsxwhg dv
T| '
￿|+|
￿| c iru wkh shulrg 4<4<04<<91 | lv P4 dqg |+| lv qrplqdo lqfrph
dw fxuuhqw sulfhv145 Wkh jxuh dovr sorwv d vkruw0whup qrplqdo lqwhuhvw udwh/
45P4 lv lq eloolrqv ri XV grooduv/ qrw vhdvrqdoo| dgmxvwhg1 Iru wkh shulrg 4<4<04<:3/ lw lv
iurp Iulhgpdq dqg Vfkzduw} +4<;5, D prqhwdu| Klvwru| ri wkh XV= 4;9:04<93/ Froxpq
:/ Wdeoh D04/ ydoxhv lq Mxqh ri hdfk |hdu1 Iru wkh shulrg 4<:404<<9/ lw lv iurp wkh Ihghudo
Uhvhuyh Edqn ri Vw1 Orxlv/ IUHG Gdwdedvh/ ydoxhv lq Mxqh ri hdfk |hdu/ vhulhv K191
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xvhg lq wkh dqdo|vlv ri wkh zhoiduh frvwv ri lq dwlrq ri Oxfdv +5333,1 Wkh
lqyhuvh ri yhorflw| lq shulrgv ri yhu| orz lqwhuhvw udwhv surylghv d orzhu erxqg
iru wkh udwlr 6
+ 1 Iljxuh 4 vkrzv wkdw lq wkh X1V1/ zkhq wkh lqwhuhvw udwh lv
dw lwv orzhvw ohyhov/ durxqg 4 shufhqw/ yhorflw| uhpdlqv forvh wr wzr1 Wklv
vxjjhvwv d orzhu erxqg iru 6
+ ri 3181 Iljxuh 5 sorwv P4 gh dwhg e| qrplqdo
JGS dv d ixqfwlrq ri wkh vkruw0whup qrplqdo lqwhuhvw udwh/ vkrzlqj d gh dwhg
prqh| ghpdqg zklfk lv frqvlvwhqw zlwk 6
+ ehlqj deryh 3181
Zkhq & 9' c wkh vfdoh hodvwlflw| ri prqh| ghpdqg dqg wkh frpshqvdwhg
oderu vxsso| hodvwlflw| dovr ehfrph lpsruwdqw lq wkh ghwhuplqdwlrq ri wkh
rswlpdo lq dwlrq wd{1 Hylghqfh rq wkh vfdoh hodvwlflw| ri prqh| ghpdqg lv
h{whqvlyho| glvfxvvhg lq Pxooljdq dqg Vdod0l0Pduwlq +4<<:,1 Wkh hvwlpdwhv
uhsruwhg e| wkh dxwkruv vxssruw ydoxhv ohvv wkdq ru htxdo wr rqh1 Hylghqfh
rq wkh frpshqvdwhg oderu vxsso| hodvwlflw| lv ohvv frqfoxvlyh1 Pxooljdq dqg
Vdod0l0Pduwlq +4<<:, dujxh wkdw wkh frpshqvdwhg oderu vxsso| hodvwlflw| fdq
eh hvwlpdwhg e| orrnlqj dw wkh oderu irufh sduwlflsdwlrq ri zrphq/ ehfdxvh
wkhuh fdq eh qr zhdowk hhfw ri d kljkhu zdjh iru d zrpdq zkr lqlwldoo|
grhv qrw zrun1 Wkh| fodlp wkdw h{lvwlqj hylghqfh rq ihpdoh oderu irufh
srlqwv dw hodvwlflwlhv durxqg rqh ru kljkhu1 Idlj +4<;;, dujxhv iru d orzhu
ohyho ri wkh frpshqvdwhg oderu vxsso| hodvwlflw|/ edvhg rq h{lvwlqj hvwlpdwhv1
Iru lqvwdqfh/ Shqfdyho +4<;9, vxjjhvwv ydoxhv iru wkh X1V1 sulph0djh phq
ri durxqg 3141 Nloolqjvzruwk dqg Khfnpdq +4<;9, uhsruw d zlgh udqjh ri
uhvxowv iru ihpdoh oderu irufh/ vrph ehlqj forvh wr wkrvh ri phq1 Vwxduw +4<;7,
hvwlpdwhv dq djjuhjdwh ydoxh iru wkh frpsohqvdwhg oderu vxsso| hodvwlflwlhv
lq wkh X1V1 dw durxqg 3181
Iru wkh shulrg 4<4804<5;/ qrplqdo lqfrph lv JQS dw fxuuhqw sulfhv/ lq eloolrqv ri XV
grooduv1 Lw frphv iurp Wkh Vwdwlvwlfdo Klvwru| ri wkh Xqlwhg Vwdwhv= Iurp Frorqldo
Wlphv wr Suhvhqw1 Iru wkh shulrg 4<5<04<<9/ lw lv JGS dw fxuuhqw sulfhv/ lq eloolrqv ri
XV grooduv1 Lw frphv iurp wkh XV Exuhdx ri Hfrqrplf Dqdo|vlv/ Qdwlrqdo Lqfrph dqg
Surgxfw Dffrxqwv1
46Wkh qrplqdo lqwhuhvw udwh lv wkh vkruw0whup frpphufldo sdshu udwh/ lq shufhqwdjh shu
dqqxp1 Iru wkh shulrg 4;9:04<:8 lw frphv iurp Plowrq Iulhgpdq ) Dqqd M1 Vfkzduw}
Prqhwdu| Wuhqgv lq wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg Nlqjgrp1 Iru wkh shulrg 4<:90
4<<9 lw lv wdnhq iurp wkh Hfrqrplf uhsruw ri wkh Suhvlghqw +4<<:,/ Dsshqgl{ E/ wdeoh
:41


























Iljxuh 5= XV Prqh| Ghpdqg
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Wzr dvvxpswlrqv derxw wkh wd{ froohfwlrq v|vwhp duh lpsruwdqw iru wkh frp0
sxwdwlrq ri wkh rswlpdo lq dwlrq wd{1 Wkh uvw lv wkh h{dfw ghqlwlrq ri
froohfwlrq frvwv/ ru ri wkh lqh!flhqf| lq wkh wd{ v|vwhp wkdw zh zdqw wr
dgguhvv1 Wkh vhfrqg lv wkh ixqfwlrqdo irup ri wkh pdujlqdo froohfwlrq frvw
vfkhgxoh dqg wkh ghqlwlrq ri froohfwlrq frvwv dv {hg ru yduldeoh frvwv1
L ghqh froohfwlrq frvwv dv wkh vxp ri wkh jryhuqphqw*v exgjhwdu| frvwv
ri dgplqlvwhulqj wkh wd{ v|vwhp dqg ri wkh wd{sd|huv* frvwv ri frpso|lqj
zlwk wkh wd{ odz1 Wkh jryhuqphqw*v exgjhwdu| frvwv duh lqfxuuhg e| wkh
jryhuqphqw zkloh zulwlqj vfdo odzv/ e| wkh Wd{ Frxuw lq mxglfldov uhodwlqj wr
wd{ lvvxhv/ dqg e| wkh LUV zkloh surylglqj vhuylfhv wr wkh wd{sd|huv/ froohfwlqj
wd{ uhyhqxhv/ hqiruflqj sd|phqwv ru lpsohphqwlqj dxglw1 Wkh wd{sd|huv*
frpsoldqfh frvwv duh lqfxuuhg zkloh jhwwlqj lqiruphg derxw wd{ uhtxluhphqwv
dqg srvvleoh ghgxfwlrqv/ nhhslqj uhfrugv wkurxjkrxw wkh |hdu/ oolqj wd{
uhwxuqv/ vhhnlqj wkh LUV dvvlvwdqfh/ ru dvnlqj iru surihvvlrqdo dgylfh1
Vrph ri wkh jryhuqphqw*v exgjhwdu| frvwv uhsruwhg deryh duh uhodwhg wr
wkh srvvlelolw| ri hydvlrq1 Lw frxog dovr eh dujxhg wkdw hydvlrq lv d frvw iru
wkh jryhuqphqw zklfk ghulyhv iurp wkh xvh ri wd{hv rwkhu wkdq lq dwlrq/ dqg
wkdw lw vkrxog wkhuhiruh eh h{solflwho| prghohg zkhq dqdo|}lqj wkh frvwv ri
dgplqlvwhulqj dq lqfrph wd{ v|vwhp1 Lqfoxglqj hydvlrq lq wkh uhsuhvhqwdwlyh
djhqw iudphzrun ri wklv sdshu grhv qrw uhtxluh fkdqjlqj wkh vwuxfwxuh ri wkh
prgho1 Vxssrvh wkdw rqo| d iudfwlrq kEc zkhuh k￿ E  fc ri wrwdo wd{ old0
elolwlhv lv dfwxdoo| froohfwhg e| wkh vfdo dxwkrulwlhv1 Lw fdq hdvlo| eh yhulhg
wkdw wkh prgho ri vhfwlrq 5 uhpdlqv xqfkdqjhg/ h{fhsw wkdw wkh wd{ udwh  lv
uhsodfhg e| .  kEcwkh hhfwlyh wd{ udwh47 Wkh pdlq glhuhqfh lv wkdw
qrz zh qhhg wr vroyh wkh prgho iru wkh rswlpdo frpelqdwlrq ri wkh lq dwlrq
wd{ W dqg ri wkh hhfwlyh lqfrph wd{ W
./ zklfk fruuhvsrqgv wr d kljkhu ydoxh
iru wkh rswlpdo r!fldo wd{ udwh W Qrwlfh wkdw hydvlrq uhgxfhv wkh dprxqw
ri jryhuqphqw uhyhqxh/ dv froohfwlrq frvwv gr1 Qrqhwkhohvv/ wkh suhvhqfh ri
froohfwlrq frvwv jhqhudwhv erwk d uhgxfwlrq lq jryhuqphqw uhyhqxhv dqg d
orvv lq wkh hfrqrp| zlgh uhvrxufhv1 Rq wkh frqwudu|/ wkh dprxqw ri uhyhqxh
hydghg grhv qrw wudqvodwh lqwr d orvv ri uhvrxufhv iru wkh hfrqrp|/ ehfdxvh lw
lqfuhdvhv wkh qhw lqfrph ri wkh uhsuhvhqwdwlyh krxvhkrog1 Wklv fdq eh vhhq
e| vxpplqj wkh vwhdg| vwdwh yhuvlrqv ri wkh krxvhkrog dqg jryhuqphqw exg0
jhw frqvwudlqwv lq wkh prgho wkdw doorzv iru hydvlrq/ wr rewdlq wkh hfrqrp|
47D pruh jhqhudo irupxodwlrq zrxog doorz hydvlrq wr eh d ixqfwlrq erwk ri wkh wd{ udwh
d q gr iw k ho h y h or ih q i r u f h p h q wd q gd x g l w l q jh/v rw k d w+>h,1 Krzhyhu/ wkh jryhuqphqw
zrxogfkrrvhhdvdixqfwlrqriwkhdprxqwrihydvlrq>khqfh/dwwkhrswlpxp/h￿@h+,=
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+59,
Htxdwlrq +59, vxjjhvwv wkdw/ lq d uhsuhvhqwdwlyh djhqw prgho/ wkh dprxqw ri
uhyhqxh hydghg grhv qrw pdwwhu iru wkh frpsxwdwlrq ri wkh rswlpdo lq dwlrq
wd{1 Hydvlrq rqo| pdwwhuv dv orqj dv lw lpsrvhv dgglwlrqdo dgplqlvwudwlyh
frvwv/ gxh wr wkh qhfhvvlw| ri hqiruflqj sd|phqwv ru lpsohphqwlqj dxglw1
Wkhvh dgglwlrqdo frvwv duh dffrxqwhg iru lq wkh ghqlwlrq ri froohfwlrq frvwv
jlyhq deryh148
Wr ghulyh dq hvwlpdwh ri froohfwlrq frvwv dv d shufhqwdjh ri wd{ uhyhqxhv/
L xvh gdwd iurp wkh Lqwhuqdo Uhyhqxh Vhuylfh/ dv uhsruwhg lq wkh Dsshqgl{ ri
wkh 4<<: Exgjhw ri wkh X1V1 Jryhuqphqw/ dqg gdwd iurp wkh 4<<< Vwdwlvwlfdo
Devwudfw ri wkh Xqlwhg Vwdwhv1 Lq 4<<8/ wrwdo qhw uhyhqxh froohfwhg iurp wkh
LUV dprxqwhg wr dssur{lpdwho| 4; shufhqw ri JGS1 LUV uhsruwv d vhulhv ri
phdvxuhv dsw wr fdswxuh wkh ryhudoo Vhuylfh shuirupdqfh gxulqj wkh vfdo |hdu
4<<81 Rqh phdvxuh jlyhv wkh dprxqw ri uhyhqxh froohfwhg shu groodu ri LUV
exgjhw/ zklfk lv uhsruwhg wr eh 4:51 Wklv lpsolhv wkdw durxqg 319 shufhqw ri
wkh uhyhqxh udlvhg e| wkh LUV zdv vshqw lq dgplqlvwudwlyh frvwv1 Wkh vhfrqg
phdvxuh jlyhv wkh uhyhqxh froohfwhg shu groodu ri wd{sd|huv* exughq/ zklfk
lv uhsruwhg wr eh fb.1 Wklv lpsolhv wkdw wkh frpsoldqfh frvwv sdlg e| wkh
wd{sd|huv zdv durxqg <14 shufhqw ri wkh uhyhqxh udlvhg1
Wkh jxuhv rewdlqhg iurp wkh LUV shuirupdqfh phdvxuhv rq wkh wd{sd|0
huv* frpsoldqfh frvwv duh odujhu wkdq wkrvh uhsruwhg lq wkh hpslulfdo olwhudwxuh
rq wkh frvwv ri froohfwlqj wd{hv1 D vxuyh| ri wkh dydlodeoh hylghqfh lv jlyhq
e| Dop +4<<9,1 Vohpurg dqg Vruxp +4<;7, xvh hylghqfh iurp d vxuyh| ri
Plqqhvrwd wd{sd|huv wr hvwlpdwh wkh djjuhjdwh frvw ri frpso|lqj zlwk ihg0
hudo dqg vwdwh lqfrph wd{ uhwxuqv1 Wkh| qg wkdw lq 4<;5 wklv frvw zdv
ehwzhhq 8 wr : shufhqw ri wkh uhyhqxhv udlvhg e| wkh ihghudo dqg vwdwh lqfrph
wd{ v|vwhpv frpelqhg1 Slww dqg Vohpurg +4<;<, fdofxodwh wkdw wkh frpsol0
dqfh frvwv ri lwhpl}lqj ghgxfwlrqv lq 4<;5 zdv durxqg 318 shufhqw ri wrwdo
uhyhqxhv1 Wkhuh lv olwwoh hpslulfdo zrun rq wkh jryhuqphqw*v dgplqlvwudwlyh
frvwv1 Ydloodqfrxuw +4<;<, hvwlpdwhv wkhvh frvwv iru Fdqdgd1 Kh qgv wkdw
wkh frvw ri froohfwlqj lqglylgxdo lqfrph/ frusrudwh lqfrph/ dqg vdohv wd{hv
jhqhudoo| h{fhhgv rqh shufhqw ri wkh uhyhqxh wkdw hdfk wd{ udlvhv1
Lq wkh ehqfkpdun fdvh/ L zloo fdoleudwh wkh prgho vxfk wkdw froohfwlrq
frvwv duh 43 shufhqw ri jryhuqphqw uhyhqxhv/ l1h 5
} ' c lq olqh zlwk wkh LUV
48Lq d prgho zlwk khwhurjhqhrxv djhqwv ru pxowlsoh vhfwruv/ hydvlrq frxog fdoo iru d
srvlwlyh lq dwlrq wd{ ehfdxvh wkh xqghujurxqg vhfwru frxog rqo| eh wd{hg wkurxjk lq dwlrq1
Wklv lv wkh vwdqgdug hydvlrq dujxphqw wr d srvlwlyh lq dwlrq wd{/ dv frqvlghuhg e|
Qlfrolql +4<<;,/ exw lw lv glhuhqw iurp wkh froohfwlrq frvw dujxphqw dqdo|}hg khuh1
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lpsolflwho| dvvxphv wkdw d vlplodu shufhqwdjh dssolhv wr vwdwh dqg orfdo wd{
froohfwlrq1 Wkh hpslulfdo hylghqfh uhylhzhg deryh zrxog vxjjhvw wkdw wklv
jxuh lv dq xszdug eldvhg hvwlpdwh ri wrwdo froohfwlrq frvwv1 Qrqhwkhohvv/
wr fkhfn wkdw wkh frpsxwhg rswlpdo lq dwlrq wd{ lv qrw vhqvlwlyh wr huuruv
lq wkh phdvxuh ri froohfwlrq frvwv/ L zloo dovr frpsxwh lw zkhq wkh vkduh ri
froohfwlrq frvwv wr jryhuqphqw uhyhqxhv lv grxeohg/ l1h1 5
} ' 2
Wkh vhfrqg fuxfldo dvvxpswlrq lq wkh frpsxwdwlrq ri wkh rswlpdo lq dwlrq
wd{ uhodwhv wr wkh ixqfwlrqdo irup ri wkh pdujlqdo froohfwlrq frvwv vfkhgxoh
dqg wr wkh doorfdwlrq ri froohfwlrq frvwv lqwr d {hg dqg d yduldeoh frpsrqhqw1
Wr vkhg oljkw rq wkh vhfrqg srlqw/ lw pd| eh xvhixo wr frqvlghu wkh rxwod|v
uhsruwhg lq wkh X1V1 exgjhw wkdw uhodwh wr wkh dgplqlvwudwlrq ri wkh wd{
v|vwhp1 Dw d ihghudo ohyho/ wkh odujhvw rxwod|v duh ghyrwhg wr surfhvvlqj
uhwxuqv/ wkh surylvlrq ri dvvlvwdqfh wr wd{sd|huv/ lqvshfwlrq/ lqyhvwljdwlrq/
hqirufhphqw dfwlylwlhv/ wkh surylvlrq ri vwdwlvwlfv rq lqfrph dqg frpsoldqfh/
dqg wkh pdqdjhphqw ri vhuylfhv1 Prvw ri wkhvh rxwod|v dsshdu wr eh pdlqo|
{hg frvwv/ dv vpdoo fkdqjhv lq wd{ udwhv gr qrw vljqlfdqwo| dhfw hdfk vlqjoh
exgjhw rxwod|1 Zkloh fkdqjhv lq wd{ udwhv duh olnho| wr dhfw wkh jryhuqphqw*v
hqirufhphqw dqg dxglwlqj h{shqglwxuh/ wklv odwwhu dprxqwv wr ohvv wkdq 4
shufhqw ri wrwdo jryhuqphqw uhyhqxhv iurp wd{hv1 Vohpurg +4<;8, hvwlpdwhv
wkdw vpdoo fkdqjhv lq wd{ udwhv gr qrw vljqlfdqwo| dhfw frpsoldqfh frvwv
hlwkhu1 Qhyhuwkhohvv/ lqfuhdvhv lq jryhuqphqw uhyhqxhv duh riwhq dfklhyhg
wkurxjk qhz wd{hv ru wkurxjk d glhuhqw uhjxodwlrq ri wkh h{lvwlqj wd{hv
dqg ghgxfwlrqv/ udwkhu wkdq wkurxjk kljkhu wd{ udwhv1 Wkhuh duh vljqlfdqw
{hg dgplqlvwudwlyh dqg frpsoldqfh frvwv dvvrfldwhg zlwk wklv dowhuqdwlyh
zd| ri udlvlqj uhyhqxhv1 Khqfh/ lw lv olnho| wkdw wkh wuxh ixqfwlrqdo irup
ri wkh froohfwlrq frvwv vfkhgxoh/ zkhq wkhuh duh vhyhudo wd{hv dowhuqdwlyh wr
lq dwlrq/ lv vwhszlvh lqfuhdvlqj1
816 Fdoleudwlrq dqg Qxphulfdo Uhvxowv













L dvvxph d wudqvdfwlrqv frvwv whfkqrorj| vxfk wkdw vdwldwlrq fdq rffxu
dw dq| srvlwlyh ydoxh ri uhdo edodqfhv1 Wklv doorzv wr whvw wkh vhqvlwlylw| ri
wkh rswlpdo lq dwlrq wd{ wr glhuhqw ohyhov ri vdwldwlrq1 Dovr/ wkh whfkqro0
rj| lv vxfk wkdw wkh prqh| ghpdqg vkrzv d yduldeoh lqwhuhvw udwh hodvwlflw|/
zklfk ghfuhdvhv zlwk wkh ohyho ri wkh qrplqdo lqwhuhvw udwh1 Wkh lqwhuhvw udwh
hodvwlflw| ghshqgv xsrq wkh sdudphwhu ydoxhv ri wkh wudqvdfwlrqv whfkqrorj|>
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dfwlrqv whfkqrorj| lv dvvxphg wr eh krprjhqhrxv ri ghjuhh &c zklfk doorzv
wr h{shulphqw zlwk dowhuqdwlyh vwhdg| vwdwh ydoxhv ri 06S Wkh ixqfwlrqdo













zkhuh wkh ixqfwlrq lv ghqhg ryhu wkh udqjh ri sdudphwhuv iru zklfk ,|  f
Ld v v x p hw k d w,ESc6'f c ru wkdw wkh wlph vshqw wudqvdfwlqj lv }hur dw
vdwldwlrq1 Wklv uhtxluhv vhwwlqj 0 '2
s




lSc vr wkdw lw fkdqjhv zlwk wkh ydoxhv ri wkh sdudphwhuv Iljxuh 5
vxjjhvwv wkdw 6




￿’￿I kdv wr eh juhdwhu wkdq fD/ dqg hyhq pruh vr 6
S  Iru d jlyhq
ydoxh ri wkh vdwldwlrq ohyho/ wkhuh lv d frqwlqxxp ri srvvleoh ydoxhv iru # L
fkrrvh d ydoxh ri # vxfk wkdw wkh devroxwh ydoxh ri wkh lqwhuhvw hodvwlflw| ri
prqh| ghpdqg lv durxqg 318 dw d 9 shufhqw qrplqdo lqwhuhvw udwh/ lq olqh
zlwk wkh hvwlpdwh ri Oxfdv +4<<;, dqg Pxooljdq dqg Vdod0l0Pduwlq +4<<:,1
Frqfhuqlqj wkh wd{ v|vwhp/ L dvvxph wkdw pdujlqdo froohfwlrq frvwv duh
lqfuhdvlqj dqg wkdw wkh {hg frpsrqhqw lv }hur/ iru wzr uhdvrqv1 Iluvw/ L dp
lqwhuhvwhg lq fdofxodwlqj dq xsshu erxqg iru wkh rswlpdo lq dwlrq wd{1 Frq0
vlghulqj doo {hg frvwv dv yduldeoh zloo uhvxow lq dq xszdug eldvhg hvwlpdwh1
Li wklv hvwlpdwh lv orz/ L fdq eh frqghqw lq frqfoxglqj wkdw froohfwlrq frvwv
gr qrw mxvwli| odujh ghyldwlrqv iurp wkh Iulhgpdq uxoh1 Wkh vhfrqg uhdvrq lv
wkdw lqfuhdvlqj pdujlqdo frvwv fdq eh uhjdughg dv d vprrwk dssur{lpdwlrq
ri wkh vwhszlvh ixqfwlrq wkdw zrxog dulvh xqghu vhyhudo dowhuqdwlyh wd{hv1
Lq wkh ehqfkpdun fdvh/ L vhw wkh sdudphwhu  vxfk wkdw/ xqghu wkh rswlpdo
srolf| pl{/ 5
} ' 1 Jryhuqphqw h{shqglwxuhv duh {hg dw 4; shufhqw ri
JGS1 Iljxuh 6 vkrzv wkh vroxwlrq ri wkh prgho iru wklv fdvhc xqghu wkh
suhihuuhg sdudphwhul}dwlrq  ' fDc 6
S ' c&' c#' ffScj' H dqg
 '  Wkh sdudphwhuv lq suhihuhqfhv duh vhw vr wkdw wkh devroxwh ydoxh
ri wkh frpshqvdwhg oderu vxsso| hodvwlflw| lv ehwzhhq 318 dqg 4 lq doo wkh
qxphulfdo h{dpsohv uhsruwhg ehorz1 Dw d 9 shufhqw qrplqdo lqwhuhvw udwh/ wklv
ehqfkpdun sdudphwhul}dwlrq lpsolhv wkdw wkh devroxwh ydoxh ri wkh lqwhuhvw
udwh hodvwlflw| lv dw 17:/ wkh frpshqvdwhg oderu vxsso| hodvwlflw| lv dw 189 dqg
yhorflw|
+
6 lv dw 81;1 Wkh vfdoh hodvwlflw| lv xqlwdu| jlyhq wkh dvvxpswlrq ri
& ' 1 Iljxuh 6 sorwv zhoiduh dv d ixqfwlrq ri wkh qrplqdo lqwhuhvw udwh/ dqg
wkh dfwxdo dqg wwhg prqh| ghpdqg1 Wkh uhvxowlqj rswlpdo lq dwlrq wd{ lv
yhu| forvh wr Iulhgpdq*v suhvfulswlrq/ ehlqj dw 315 shufhqw1
30                                                                                                  ECB Working Paper No 38 l November 2000 Iljxuh 6= Ehqfkpdun fdvh zlwk  ' fDc 5
} ' c 6
S ' c&' c
# ' ffScj' Hc' 
Wr fkhfn wkh vhqvlwlylw| ri wklv uhvxow wr wkh ydulrxv dvvxpswlrqv/ L frp0
sxwh wkh rswlpdo lq dwlrq wd{ lq yh dgglwlrqdo fdvhv/ dv uhsruwhg lq wdeoh 41
Wkhvh frpsxwdwlrqv nhhs frqvwdqw wkh vkduh ri jryhuqphqw h{shqglwxuhv wr
JGS/
}
+ ' 1Hc dqg wkh sdudphwhu ydoxhv lq suhihuhqfhv/ j ' H dqg  ' 
Wkh uhvxowv duh rewdlqhg xqghu wzr dowhuqdwlyh ydoxhv ri wkh ghjuhh ri
krprjhqhlw| &1 Vlqfh wkh hpslulfdo hylghqfh rq 06S vxjjhvwv ydoxhv ehorz ru
htxdo wr rqh/ L fkrrvh & 'dqg & ' D Uhfdoo wkdw/ zkhq & ' c0 6S 'iru
doo ydoxhv ri wkh qrplqdo lqwhuhvw udwh1 Zkhq & ' Dc0 6S 	  iru doo vwulfwo|
srvlwlyh ydoxhv ri wkh qrplqdo lqwhuhvw udwh1 Froxpqv wzr wr irxu olvw wkh
uhvxowv ri wkh frpsxwdwlrqv zkhuh hlwkhu c wkh froohfwlrq frvw sdudphwhu/ ru
lcwkh wudqvdfwlrqv whfkqrorj| sdudphwhu/ duh fkdqjhg/ xqghu wkh dvvxpswlrq
wkdw & 'dqg # ' ffS Froxp wzr fruuhvsrqgv wr wkh ehqfkpdun fdvh
uhsuhvhqwhg lq jxuh 61 Froxpqv yh wr vhyhq olvw wkh uhvxowv zkhq wkh
sdudphwhuv duh fkdqjhg lq dq lghqwlfdo zd|/ xqghu wkh dvvxpswlrq wkdw & ' D
dqg # ' ff2D1W k hf k d q j hl q& lv dffrpsdqlhg e| d fruuhvsrqglqj fkdqjh lq
# zklfk ohdyhv wkh devroxwh ydoxh ri wkh lqwhuhvw hodvwlflw| ri prqh| ghpdqg
xqfkdqjhg/ dw d qrplqdo lqwhuhvw udwh ri 9 shufhqw1
Iru hdfk vhw ri dvvxpswlrqv rq & dqg #c wkh rswlpdo lq dwlrq wd{ lv
frpsxwhg e| ydu|lqj l lq vxfk d zd| wkdw 6
S wdnhv d ydoxh ri hlwkhu 4 ru 1:1
Wkh wdeoh vkrzv wkdw orzhulqj wkh vdwldwlrq ohyho kdv dq hhfw rq wkh vwhdg|
vwdwh ohyho ri wkh lqwhuhvw hodvwlflw| ri prqh| ghpdqg1 Krzhyhu/ wkh rswlpdo
lq dwlrq wd{/ ghqrwhg dv W/ rqo| lqfuhdvhv iurp 315 shufhqw wr 317 shufhqw lq
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Wc uhpdlqv durxqg
65 shufhqw1
Iru hdfk vhw ri dvvxpswlrqv rq & dqg #c wkh rswlpdo lq dwlrq wd{ lv dovr
frpsxwhg e| ydu|lqj wkh froohfwlrq frvw sdudphwhu  Lq wkh ehqfkpdun fdvh/
 lv vhw vxfk wkdw/ xqghu wkh rswlpdo srolf| pl{/ 5
} ' 1 Lq wkh dowhuqdwlyh
fdvh/ L fkrrvh d ydoxh iru  vxfk wkdw 5
} ' 21 Xqghu erwk vhwv ri dvvxpswlrqv
rq & dqg #c wkh rswlpdo lq dwlrq wd{ uhpdlqv orz1 Wkh odujhvw ydoxh/ rewdlqhg
zkhq & ' Dc#' ff2D dqg 5
} ' 2c lv vwloo ehorz 4 shufhqw1
Wdeoh 4
& ' c#' ffS & ' Dc#' ff2D
 4138 4138 41; 4138 4138 41;
5
} 14 14 15 14 14 15
l 1339 13455 1339 13358 13384 13358
6
S 4 1: 4 4 1: 4
W 164< 164; 16:7 164< 164; 16:5
W 1335 1337 1339 1335 1337 133<
ydoxhv dw  ' fS
06￿ 17: 177 17: 17: 176 179
06S 4 4 4 1:9 1:; 1:9
0?￿ 189 189 1:6 189 189 1:5
T 81; 914 917 914 915 91;
Wzr srlqwv hphujh iurp wkh qxphulfdo h{huflvh1 Wkh uvw lv wkdw wkh rs0
wlpdo lq dwlrq wd{ lq wkh X1V1 lv qrw yhu| vhqvlwlyh wr glhuhqw dvvxpswlrqv
derxw wkh vdwldwlrq ohyho lq uhdo prqh| edodqfhv1 Lq wkh olplwlqj fdvh zkhq
vdwldwlrq rffxuv dw dq duelwudu| odujh ohyho ri uhdo edodqfhv/ wkh rswlpdo lq d0
wlrq wd{ lv }hur1 Lq wkh ehqfkpdun fdvh/ zkhuh froohfwlrq frvwv duh 43 shufhqw
ri jryhuqphqw h{shqglwxuhv/ wkh rswlpdo lq dwlrq wd{ grhv qrw h{fhhg kdoi
shufhqw zkhq vdwldwlrq rffxuv dw 6
S ' .1 Wkh vhfrqg srlqw lv wkdw/ hyhq
zkhq wd{ froohfwlrq jhqhudwhv orvvhv dv odujh dv 53 shufhqw ri jryhuqphqw
uhyhqxhv/ wkh rswlpdo lq dwlrq wd{ rqo| lqfuhdvhv wr ohvv wkdq 4 shufhqw1 Iru
uhdvrqdeoh ydoxhv ri wkh uhdo lqwhuhvw udwh/ wklv qxpehu lpsolhv d qhjdwlyh
lq dwlrq udwh lq wkh hfrqrp|1
9 Frqfoxvlrqv
Lq wklv sdshu/ L kdyh uhfrqvlghuhg wkh dujxphqw wkdw/ zkhq lw lv frvwo| wr
froohfw wd{hv dowhuqdwlyh wr lq dwlrq/ lw lv dozd|v rswlpdo wr vhw d srvlwlyh lq0
 dwlrq wd{1 Lq wkh uvw sduw/ L kdyh vkrzq wkdw wkhuh duh vshflf frqglwlrqv
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frvwv1 Zkhq wkhvh frqglwlrqv gr qrw krog/ wkh ohyho ri wkh rswlpdo lq dwlrq
wd{ ghshqgv xsrq wkh froohfwlrq frvw vfkhgxoh/ dv zhoo dv wkh lqwhuhvw hodv0
wlflw| ri wkh prqh| ghpdqg/ wkh vfdoh hodvwlflw| ri prqh| ghpdqg dqg wkh
frpshqvdwhg oderu vxsso| hodvwlflw|1
Lq wkh vhfrqg sduw ri wkh sdshu/ L kdyh dujxhg wkdw wkh suhvhqfh ri froohf0
wlrq frvwv grhv qrw mxvwli| vxevwdqwldo ghyldwlrqv iurp wkh Iulhgpdq uxoh lq
wkh Xqlwhg Vwdwhv1 Ghvslwh wkh h{wuhph dvvxpswlrqv wkdw doo froohfwlrq frvwv
duh yduldeoh frvwv/ wkdw pdujlqdo froohfwlrq frvwv duh lqfuhdvlqj/ dqg wkdw wkh
wd{ froohfwlrq surfhvv uhtxluhv wkurzlqj dzd| 53 shufhqw ri wrwdo jryhuqphqw
uhyhqxhv/ wkh frpsxwhg rswlpdo lq dwlrq wd{ uhpdlqv ehorz rqh shufhqwdjh
srlqw1
Uhihuhqfhv
^4` Dl}hqpdq/ M1/ bH./ Lq dwlrq/ Wdulv/ dqg Wd{ Hqirufhphqw Frvwv/ Mrxu0
qdo ri Lqwhuqdwlrqdo Hfrqrplf Lqwhjudwlrq/ 51
^5` Dop/ M/ bbS/ Zkdw lv dq Rswlpdo Wd{ V|vwhpB Qdwlrqdo Wd{ Mrxuqdo/
Yro1 7<1
^6` Edxpro/ Z1/ bD2/ Wkh Wudqvdfwlrqv Ghpdqg iru Fdvk= Dq Lqyhqwru|
Wkhruhwlf Dssurdfk/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 991
^7` Fkdul/ Y1/ Fkulvwldqr/ O1/ dqg Nhkrh/ S1/ bbS/ Rswlpdolw| ri wkh Iulhg0
pdq Uxoh lq Hfrqrplhv zlwk Glvwruwlqj Wd{hv/ Mrxuqdo ri Prqhwdu|
Hfrqrplfv/ 6:1
^8` Fruuhld/ L1/ dqg Whohv/ S1/ bbS/ Lv wkh Iulhgpdq uxoh rswlpdo zkhq
prqh| lv dq lqwhuphgldwh jrrgB/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6;1
^9` Fruuhld/ L1/ dqg Whohv/ S1/ bbbc Wkh Rswlpdo Lq dwlrq Wd{1 Uhylhz ri
Hfrqrplf G|qdplfv/ 51
^:` Gh Ilruh/ I1/ dqg Whohv/ S1/ bbb/ Wkh Rswlpdo Pl{ ri Wd{hv rq Prqh|/
Frqvxpswlrq dqg Lqfrph/ Edqfr gh Sruwxjdo Zrunlqj Sdshu/ 50<<1
^;` Idlj/ P1/ bHH/ Fkdudfwhul}dwlrq ri wkh Rswlpdo Wd{ rq Prqh| zkhq Lw
Ixqfwlrqv dv d Phglxp ri H{fkdqjh/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/
551
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Mrxuqdo/ 6:1
^57` Wrelq/ M1/ bDS/ Wkh Lqwhuhvw Hodvwlflw| ri wkh Wudqvdfwlrqv Ghpdqg iru
Fdvk/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 6;1
^58` X1V1 Exuhdx ri wkh Fhqvxv/ b.S/ Wkh Vwdwlvwlfdo Klvwru| ri wkh Xqlwhg
Vwdwhv iurp Frorqldo Wlphv wr Suhvhqw/ Edvlf Errnv1
^59` X1V1 Exuhdx ri wkh Fhqvxv/ bbb/ Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg
Vwdwhv1 Krryhu*v Exvlqhvv Suhvv1
^5:` X1V1 Jryhuqphqw Dffrxqwlqj R!fh/ bbD/ Wd{sd|hu Frpsoldqfh= Uh0
gxflqj wkh Lqfrph Wd{ Jds1 JDR2W0JJG0<804:9/ Zdvklqjwrq/ G1F1
^5;` X1V1 R!fh ri Pdqdjhphqw dqg Exgjhw/ bb./ Exgjhw ri wkh Xqlwhg
Vwdwhv Jryhuqphqw1
^5<` Ydloodqfrxuw/ I1/ bHb/ Wkh Dgplqlvwudwlyh dqg Frpsoldqfh Frvwv ri
wkh Shuvrqdo Lqfrph Wd{ dqg Sd|uroo Wd{ V|vwhp lq Fdqdgd/ 4<;91
Fdqdgldq Wd{ Irxqgdwlrq1
^63` Yìjk/ F1/ bHbd1 Wkh Rswlpdo Lq dwlrq Wd{ lq wkh Suhvhqfh ri Fxuuhqf|
Vxevwlwxwlrq/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 571
^64` Yìjk/ F1/ bHbe/ Jryhuqphqw vshqglqj dqg lq dwlrqdu| qdqfh= D Sxe0
olf Ilqdqfh Dssurdfk/ LPI Vwd Sdshuv/ 691
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Khuh/ L jlyh d frpsohwh surri ri fdvh  lq srusrvlwlrq 41
Frqvlghu wkh fdvh zkhq 6 $4  Zh nqrz wkdw ,6
6<"
,6 ESc6'f c vr wkdw
wkh uM7 ri htxdwlrq +46, whqgv wr }hur dw wkh vdwldwlrq srlqw1 Frqvlghu wkh
-M71 Li froohfwlrq frvwv duh }hur/ l1h1  'f c wkhq wkh -M7 dssurdfkhv }hur
dv 6 $4 / dqg wkh Iulhgpdq uxoh lv rswlpdo iru dq| ghjuhh ri krprjhqhlw|
&149 Li froohfwlrq frvwv duh srvlwlyh dqg qlwh/ l1h1  5 dfc4c wkh Iulhgpdq
uxoh lv vwloo rswlpdo vlqfh ,6
6<"
i6m6’6j 'f  Wr vhh zk| lw lv vr/ lpsolflwo|




dS  ￿,S ESc6o
2 +5:,
Iurp wkh krprjhqhlw| dvvxpswlrq ri wkh wudqvdfwlrqv whfkqrorj|/ lw fdq hdv0

























 Ghqh vhljqrudjh dv 7 ' 6 Dv wkh
qrplqdo lqwhuhvw udwh/ zklfk lv wkh xqlw wd{ rq prqh|/ whqgv wr }hur/ lw lv





E  6,6 ESc6'f 1 Iurp wkh dvvxpswlrqv wkdw ,6  f
dqg ,66  fc dqg wkdw wkh ghulydwlyhv duh frqwlqxrxv/ lw pxvw eh wkdw 7 lv d
vprrwk ixqfwlrq/ zklfk dssurdfkhv }hur dv 6 $4  Lw iroorzv wkdw wkh uvw
ghulydwlyh ri vhljqrudjh zlwk uhvshfw wr prqh| whqgv wr }hur dw wkh srlqw ri
vdwldwlrq +dw  'f ,/ l1h1 ,6
￿<f
76 'f  Sduwldoo| glhuhqwldwlqj zlwk uhvshfw wr







S 'f c vr wkdw
,6
6<" 6m6’6 ' ,6
6<" ,S6 ESc6'f 
Khqfh/ wkh -M7 dssurdfkhv }hur dw wkh olplw/ dqg wkh Iulhgpdq uxoh krogv
iru doo srvlwlyh ydoxhv ri wkh froohfwlrq frvw sdudphwhu 
49Vhh Fruuhld dqg Whohv +4<<9, iru d surri wkdw wkh Iulhgpdq uxoh lv d vroxwlrq irq dq|
srvlwlyh n> zkhq wkhuh duh }hur froohfwlrq frvwv1 Qrwh wkdw zkhq  @3 > htxdwlrq +46, lv
lghqwlfdo wr htxdwlrq +51:, lq Fruuhld dqg Whohv1
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+l, Wkh frqvxphu*v uvw0rughu frqglwlrqv lpsolflwo| ghqh wkh ghpdqg ixqf0
wlrqv SEcc Ecc dqg 6Ec Iurp htxdwlrq +:,/ zh nqrz wkdw



















Qrz/ wdnh ghulydwlyhv ri erwk vlghv zlwk uhvshfw wr  dqg wr c wr jhw
8￿ ' *dE  ,66o dqg 8S ' ,S6*,66 Dovr/ ghqh wkh vfdoh hodv0
wlflw| ri prqh| ghpdqg dv 06S  Y6
YS
S
6 ' 8SS*6c dqg wkh devroxwh
ydoxh ri wkh lqwhuhvw udwh hodvwlflw| ri prqh| ghpdqg dv 06￿ ' 8￿*6
+ll, Wkh frqvxphu*v exgjhw frqvwudlqw fdq eh zulwwhq dv
SEcn6Ec'E  d Ec  ,dSEcc6Ecoo +5<,
Wdnh ghulydwlyhv ri erwk vlghv ri +5<, zlwk uhvshfw wr c xvh htxdwlrq




































Wdnh ghulydwlyhv ri erwk vlghv ri wkh prqh| ghpdqg zlwk uhvshfw wr c











Qrz/ uhzulwh wkh frqvxphu*v uvw rughu frqglwlrq zlwk uhvshfw wr frq0
vxpswlrq dv
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Wdnh ghulydwlyhv ri wkh frqvxphu*v uvw rughu frqglwlrq zlwk uhvshfw wr











+ly, D pdujlqdo wd{ uhirup wkdw lqfuhdvhv wkh lq dwlrq wd{ dqg fruuhvsrqg0











T Ec lv wkh jryhuqphqw*v lqgluhfw xwlolw| ixqfwlrq/ zkloh CEc lv
wkh jryhuqphqw*v uhyhqxh udlvhg e| wd{lqj prqh| dqg lqfrph plqxv
wkh uhyhqxh orvw lq froohfwlqj wkh lqfrph wd{1 Wdnlqj ghulydwlyhv ri









C￿ 'E  E   ,   E  E￿ n ,SS￿ n ,66￿n6￿ : fc
+73,
C￿ '  E  E￿ n ,SS￿ n ,66￿n6 n 6￿ : f +74,
Qrwlfh wkdw C￿ dqg C￿ duh srvlwlyh ehfdxvh L dvvxph wkdw wkh jryhuq0
phqw lv rq wkh xszdug vorslqj sduw ri wkh Odhu fxuyh1
Qrz/ soxj wkh irxu h{suhvvlrqv deryh lq +6:,/ xvh htxdwlrqv +63,0+66,/
+68,/ dqg +69, wr vxevwlwxwh iru 6￿c ￿cS ￿c6 ￿c ￿c dqg S￿ Wdnlqj lqwr
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Dovr/ uhfdoo wkdw 8S '  ,S6
,66 ' 06S6*S dqg 06￿ ' 8￿*6 Ilqdoo|/
qrwlfh wkdw wkh frpshqvdwhg fkdqjh lq oderu vxsso| iroorzlqj d fkdqjh
lq wkh lqfrph wd{ fdq eh zulwwhq dv Y?S
Y￿ ' Y?
Y￿ n Y?
Y‘?c zkhuh ` lv wkh
dprxqw ri wudqvihuv lq xqlwv ri wkh frqvxpswlrq jrrg wkdw lv jlyhq wr
wkh djhqw lq rughu wr nhhs klv xwlolw| xqfkdqjhg1 Wkhq/ wkh devroxwh
ydoxh ri wkh frpshqvdwhg oderu vxsso| hodvwlflw| zlwk uhvshfw wr wkh








1W rg h u l y hY?
Y‘c vxevwlwxwh
 iurp wkh exgjhw frqvwudlqw lq wkh uvw0rughu frqglwlrq +67, dqg dsso|
wkh lpsolflw ixqfwlrq wkhruhp wr rewdlq YS
Y‘ '
(￿
E￿3￿￿{1 Iurp wkh exgjhw










+65, dqg +68, wr rewdlq dq h{suhvvlrq iru Y?
Y￿c wkhq xvh Y?
Y￿ dqg Y?
Y‘ wr








2 ?0?￿  606￿
 +77,
Vxevwlwxwlqj +76, dqg +77, lqwr +75,/ L rewdlq frqglwlrq +58,1
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